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non-viscous solution of icodextrin, 
from Shire Pharmaceuticals has been developed 
to provide an effective treatment for the prevention 
of post-operative adhesions! 
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to temporarily separate tissue surfaces. Adept minimises 
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When 50-85% of all glove perforations or punctures during surgery go 
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Management of intermittent claudication 


C. P. Shearman 


Department of Vascular Surgery, Southampton General Hospital, Southampton SO16 6YD, UK (e-mail: CHE Shearman@suht.swest.nhs.uk) 


Intermittent claudication is the earliest clinical manifesta- 
tion of peripheral arterial disease and is surprisingly 
common. The Edinburgh Artery Study found that 4 per 
cent of those aged over 55 years experienced symptoms, and 
asymptomatic disease was evident in a further 25 per cent’. 
Relatively few (2-8 per cent) claudicants progress to limb 
loss and 75 per cent remain symptomatically stable or 
improve. Of greater concern is the high associated 
cardiovascular risk; 50 per cent of claudicants die within 
10 years, a relative risk of 3-8 compared with the normal 
population. Peripheral arterial disease is an independent 
risk factor for cardiovascular death and a claudicant is more 
likely to die from myocardial infarction than a similar 
patient with angina. 

There is no consensus about the treatment of claudica- 
tion and intervention rates vary greatly. The recent trend 
has been to a more conservative approach, but this has not 
been followed enthusiastically and in practice few patients 
receive the necessary advice and treatment. Claudication is a 
major disability and the impact on quality of life is similar to 
that of class 3 and 4 heart failure. A comparison of the 
resource available and enthusiasm with which patients with 
ischaemic heart disease are treated (many of whom are at 
less risk and less handicapped) with those for claudication is 
stark’, | 


Non-interventional treatment 


Risk factors 


Evidence of the benefit of correction of associated risk 
factors is strong’. Smoking is the strongest risk factor for 
the development of claudication, smokers having three 
times the mortality rate of non-smokers. Smokin g cessation 
lowers the mortality rate and is probably the most important 
action a claudicant can take. While there is no strong 
evidence that this will improve symptoms, the risk of 
developing critical limb ischaemia is reduced. Simple advice 
is not very effective, but support combined with adjunctive 
treatment, such as nicotine patches, can achieve a consider- 
able reduction in the number of smokers. 

In patients with established atheromatous vascular 
disease, aspirin reduces cardiovascular events significantly 
(27 per cent relative risk reduction)*. A large randomized 
clinical trial comparing aspirin with clopidogrel (an 
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antiplatelet agent) showed a significant reduction in 
expected cardiovascular events, with clopidogrel achieving 
a slight advantage (relative risk reduction of 9 per cent). The 
subgroup with peripheral arterial disease appeared to gain 
the greatest benefit and there now seems little doubt that all 
claudicants should be on a suitable antiplatelet agent’. 

Lowering plasma lipid levels with drugs such as statins 
benefits patients at risk of cardiovascular events. Although 
the data largely apply to ischaemic heart disease, the benefit 
is greatest for patients with the highest cardiovascular risk 
rather than those with the highest baseline cholesterol 
level. Claudicants form one of the highest-risk groups 
and so intervention is justified; evidence from small 
studies supports this view. The current recommendation 
of treating only total cholesterol over 5-0 mmol/l has been 
challenged by evidence that statins may have a direct 
beneficial effect on atherosclerosis. Results from larger 
studies, currently under way, are needed to evaluate this in 
more detail, particularly the cost-effectiveness of more 
widespread use of these drugs’. 


Exercise 


Exercise programmes address not only the presenting 
symptom of limited walking but may also reduce cardio- 
vascular risk. No large single study has been undertaken, but 
a meta-analysis concluded that exercise can improve 
walking ability by approximately 150 per cent’. There is 
no clear evidence about the optimum form of exercise, but 
maximum benefit seems to be associated with supervised 
programmes of walking, at least three times per week over 
6 months. While there is concern about the durability of 
benefit and compliance of patients outside a study environ- 
ment, exercise programmes are economical and it is 
disappointing that only a quarter of consultant vascular 
surgeons in the UK have access to them. 


Pharmacological treatment 


Clinical trials have suggested improved walking ability from 
a number of drugs such as pentoxifylline and, more recently, 
the phosphodiesterase HI inhibitor cilostazol. The clinical 
benefit is generally small and it is not clear if these agents are 
cost-effective, The favourable results of using ramipril in 
patients with peripheral arterial disease in the Heart 
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Outcomes Prevention Evaluation study may suggest other 
pharmacological ways of reducing the cardiovascular 
mortality rate. 


interventional treatment 


Angioplasty 


Percutaneous transluminal angioplasty (PTA) has some 
appeal as it is minimally invasive. This has reduced 
the threshold for intervention and a large number of 
angioplasties are undertaken for moderately severe 
claudication. Results vary considerably, but 90-100 per 
cent primary success rates with 60-80 per cent l-year 
patencies have been reported for short superficial femoral 
artery occlusions, and successful angioplasty improves the 
quality of life of claudicants. The effect on symptoms is 
often not reported and there are few controlled studies 
comparing PTA with other treatments, especially exercise. 
Only two small randomized studies comparing PTA with 
exercise have been reported and both failed to show any 
long-term benefit from angioplasty. PTA, although less 
invasive than surgery, has a complication rate of 3 per cent, 
including a small risk of limb loss. If claudicants are 
investigated with either duplex ultrasonography or angio- 
graphy, as few as 10 per cent are found suitable for 
conventional angioplasty; a considerable use of resource for 
little clinical benefit. 


Surgery 


Initial enthusiasm for bypass surgery has been tempered 
by concern over associated mortality and morbidity, 
including limb loss if the graft fails, and cost. Despite this, 
a considerable number of bypass procedures are still 
undertaken for claudication. For example, between 1995 
and 2000 over 3000 such bypasses were recorded in the 
Swedish Vascular Registry (Swedvasc). In the largest 
randomized study of intervention in claudicants, surgery 
improved walking distance and quality of life significantly 
more than supervised exercise or controls®”. Furthermore, 
no excess mortality or limb loss was found in the surgery 
group and ankle arterial pressure was significantly increased 
following intervention. The treatment effects were small, 
however, and compliance with the exercise programme 
was poor, weakening the conclusions; no attempt was 
made to assess the cost-effectiveness of the treatments. 
Disappointingly, combining exercise with surgery did not 
seem to confer any advantage. To date, there is no evidence 
of a clear role for bypass surgery or, perhaps more 
importantly, of a means of identifying patient groups that 


10 
may benefit’. 
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Future management of intermittent claudication 


For such a common and significant condition it is 
disappointing that no consensus has been reached about 
what treatment a claudicant should expect. Such consensus 
has been successfully achieved in other areas, such as 
coronary heart disease, in the form of UK National Service 
Frameworks (NSFs) which are likely to benefit patients 
greatly. The NSF is soon to be released for diabetes, a 
condition far less prevalent than peripheral arterial disease. 
With such a wide range in attitude to the management of 
claudication it is not really surprising that the condition fails 








to achieve the awareness and support that patients deserve. 

The evidence for many aspects of risk factor management 
seems compelling and yet most patients are still not 
receiving appropriate help. The real challenge seems to be 
in developing cost-effective ways of delivering these 
programmes and achieving good patient compliance. 
Conventional vascular clinics and general practitioner 
surgeries are not succeeding; community-based diagnostic 
and support clinics may provide more successful and 
appropriate treatment. This approach would also reduce 
the workload of vascular surgeons and general practitioners, 
allowing them to concentrate on those patients who may 
benefit from more aggressive treatment. 

A broad role for interventional treatment is difficult to 
justify on current evidence, especially when cost is taken 
into account. While those studies that have been under- 
taken seem to suggest that both angioplasty and surgery 
may benefit small subgroups of patients, unless high-quality 
evaluation is done in more detail these relatively expensive 
and invasive treatments may lose support. 

In the UK vascular surgeons tend to see the majority 
of claudicants referred from primary care for diagnostic 
and therapeutic consideration. In many other European 
countries these patients would initially see a medical 
angiologist. Only a small minority of patients will require 
Intervention, so are vascular surgeons the appropriate 
specialists to manage claudication? Aspects of treatment 
encompass a range of medical specialties, but none has a 
major primary interest in peripheral arterial disease (there 
are very few angiologists in the UK). At present, I believe 
vascular surgeons are the group best placed to help direct 
and improve the treatment of claudication, but they need to 
be open to new ways of achieving this, particularly in 
conjunction with primary care. Claudication should no 
longer be left as the pocr relation of coronary heart disease. 
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Cancer of the breast is the commonest malignancy in 
women in the Western world and a major cause of 
premature death; one in 11 women in the UK will be 
ance and the incidence is rising by about 2 per cent per 
year’. Paradoxically, mortality rates are decreasing and 
survival is improving, putatively due to a combination of 
earlier diagnosis, improved adjuvant endocrine therapy, 
a and DORR and better surgical tech- 


management have ee an mpare role. 

Many women express a fear of breast cancer surgery that 
is based on the previous experience of an affected close 
relative; radical mastectomy with its attendant morbidity, 
and aesthetic and functional disfigurement, held sway for 
the best part of a century. Two decades ago, the hypothesis 
of breast cancer as a systemic disease from the outset 
stymied surgical focus and operative innovation, and led toa 
minimalist surgical approach in some centres. Recent data 
on the significance of recurrent disease indicate that, for an 
unknown but significant proportion of women, the systemic 
disease hypothesis is not appropriate, and so the role of 
surgery becomes increasingly important, especially with 
earlier cancer diagnosis. It is sometimes forgotten that the 
benefits of adjuvant treatment are in addition to those 
already conferred by operation. 

Nevertheless, to obtain cancer ablation and control, 
surgery in the broadest sense is still ‘radical’. Wide excision 
ofa tumour may involve the removal of up to 20 per cent of 
breast volume, and be followed by radiotherapy; poor 
aesthetic outcomes after breast cancer surgery have not 

always been limited to those who have undergone 
mastectomy. Fortunately a woman need no longer put up 
with a gross deformity that may be a constant daily reminder 
of her diagnosis, limiting her choice of clothing and 
adversely affecting her quality of life. 

Better survival, quality of life issues and increased 
expectations on behalf of both patient and surgeon have 
led to a surge of breast reconstruction techniques. 
‘Traditionally the general surgeon managed breast cancer, 
and the plastic surgeon undertook delayed breast recon- 
struction; either or both may have had little insight into the 
aims and difficulties of management faced by the other. 
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Patient care has been enhanced by the development of the 
multidisciplinary team and the emergence of the specialist 
breast surgeon from both the traditional surgical specialties. 
The ‘one size fits all’ philosophy for both the oncological 
and the reconstructive elements of breast surgery has been 
abandoned. The result is seamless specialist breast cancer 
surgery in which ablation of the cancer is merged with 
reconstruction as an integrated whole. While individual 
surgeons with particular training and experience may 
provide the complete oncoplastic remit, care is more often 
shared between two surgeons working together within a 
breast cancer unit. In the UK, the Department of Health 
now provides significant funding for innovative cross- 
specialty training in oncoplastic breast surgery. 

Four features are integral to oncoplastic breast surgery: 
appropriate surgery to extirpate the cancer, partial recon- 
struction to correct wide excision defects, immediate 
reconstruction using the full range of available techniques, 
and correction of asymmetry relative to the contralateral 
breast. All of these require planning with respect to the 
placement and closure of wounds, and careful assessment of 
the oncological need and aesthetic aim. 

After breast-conserving cancer surgery and subsequent 
radiotherapy, up to 30 per cent of women have a residual 
deformity that may require surgical correction’. A few will 
have asymmetry without deformity that may be acceptable 
and require no revision, but another small group will have 
asymmetry with deformity of sufficient severity to warrant 
completion mastectomy and reconstruction with a myocu- 
taneous flap. Evaluation of such deformity is of necessity a 
post hoc activity. Optimal treatment should be preventive - 
by performing immediate remodelling of the breast at the 
same time as cancer removal, before radiotherapy. Plastic 
surgical techniques may be integrated with the original 
operation, thereby reducing the need for delayed secondary 
procedures. 

Moderate infill techniques involve the transfer of 
adjacent breast parenchyma and skin, such as the lunate 
flap’. More extensive replacement requires total breast 
remodelling, as in the therapeutic mammoplasty* or in the 
round block technique of central segmentectomy including 
the nipple-areola complex’. Therapeutic mammoplasty 
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often requires contralateral breast reduction; this can be a 
cause of dissatisfaction if breast volume is limited. The 
latissimus dorsi miniflap to infill resections of more than 25 
per cent of breast volume allows breast conservation that 
otherwise would be impossible from an oncological 
standpoint®’. Such approaches extend the spectrum of 
breast-conserving cancer management. 

Up to 40 per cent of patients diagnosed with breast cancer 
still undergo mastectomy because of multifocal pathology, 
adverse tumour : breast size ratio or site, or through choice. 
Immediate breast reconstruction, achieved in a single 
process combined with mastectomy, has increased over 
the past few years owing to recognition of its oncological 
safety for selected patients, the development of reliable, 
technically and aesthetically sophisticated reconstruction 
operations”, and its cost-effectiveness. Better aesthetic and 
functional results of the latissimus dorsi flap result from 
latissrmus dorsi tendon division at the humeral groove, and 
mcreasing acceptance of the use of an implant deep to the 
flap. The transverse rectus abdominis flap, both pedicled 
and free, provides good immediate breast replacement for 
selected patents, but the abdominal scarring and possible 
sensory and functional sequelae need careful consideration 
and discussion. For both main flaps, the evolution of skin- 
sparing mastectomy techniques has significantly improved 
appearance and sensation”, and the easily achieved nipple- 
areola complex reconstruction using a combination of small 
local flaps and tattoo completes the result. The appearance 
of a reconstruction performed as a delayed technique 
deteriorates over time’”; there are no equivalent data yet 
available on long-term outcome after skin-sparing mas- 
tectomy and immediate reconstruction. 

Oncoplastic surgery of the breast is an innovative, 
progressive and sophisticated subspecialty with new 
cross-specialty training opportunities. However, it lacks 
published randomized clinical trials comparing surgical 
techniques and objective measures of functional and 
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aesthetic outcome. Increasing attention to breast conserva- 
tion should, in time, allow this defect to be addressed. 
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Background: Incisional hernia is a common complication of abdominal surgery and an important source 
of morbidity. It may be repaired using open suture, open mesh or laparoscopic mesh techniques. This 
review examines the results of these methods of repair. 

Methods: A Medline literature search was performed to identify articles relating to ‘incisional hernia’, 
‘ventral hernia’ and ‘wound failure’. Relevant papers from the reference lists of these articles were also 
sought. 

Results: The recurrence rate after open suture repair may be as high as 31-49 per cent; for open mesh 
repair it is between 0 and 10 per cent. Comparative studies show that recurrence is significantly more 
frequent after open suture repair than after open mesh repair; complication rates are similar for both 
procedures. Recurrence rates after laparoscopic mesh repair vary from 0 to 9 per cent. Comparative 
studies show that laparoscopic mesh repair is at least as safe and effective as open mesh repair. 
Conclusion: Open suture repair for incisional hernia carries an unacceptably high recurrence rate. The 
results of open mesh and laparoscopic mesh techniques are encouraging. There is scope for a large 


multicentre randomized clinical trial to compare laparoscopic and open mesh repair. 


Paper accepted 23 January 2002 


introduction 


An incisional hernia has been defined as a bulge visible and 
palpable when the patient is standing and often requiring 
support or repair’. It is a common complication of 
abdominal surgery, reported in up to 11 per cent of patients 
generally’ and in up to 23 per cent of those who develop 
postoperative wound infection’, Iris an important source of 
morbidity. A considerable proportion of patients present 
with incarceration and strangulation, requiring emergency 
abdominal surgery’, Others may need to alter their lifestyle, 
or change or give up gainful employment’, which results in 
an economic burden that has not been fully evaluated. 
‘Treatment involves further major surgery and the results 
may be poor, with recurrence rates of up to 49 per cent 
reported’. These high recurrence rates prompted recom- 
mendations of ‘a cautious attitude to surgical treatment of 
incisional hernia’ in the mid-1980s*. Since then, in spite of 
the frequency of the condition and its potential morbidity, 
no consensus on the best treatment has been forthcoming’. 
A wide spectrum of surgical techniques has been developed 
and recommended, ranging from sutured techniques to the 
use of various types of prosthetic mesh. La paroscopic repair 
was a novel approach introduced in the 1990s. This review 
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article examines the results of open sutured, open mesh and 
laparoscopic mesh repair of incisional hernia. 


Open suture repair 


Betore the introduction of knitted polypropylene mesh in 
the early 1960s, most incisional hernias were repaired by 
direct suture techniques. These included simple fascial 
closure (Fig. 1), modified Mayo technique with overlap of 
fascial edges, use of internal retention sutures!’ ‘keel’ 
procedure using relaxing incisions in the lateral as pect of the 
anterior rectus sheath ', the Nuttall procedure’! involving 
transposition of rectus abdominis and its enveloping fascia, 
use of layered steel wire’* and others. Such proliferation of 
techniques is a typical result of overall poor outcome. 
Recurrence rates of between 7 and 44 per cent were 
reported until 1980 (Table 1), the only exception being one 
study from the Shouldice Clinic, in which layered steel wire 
was used, with a reported recurrence rate of 2 per cent!”. 
Such an inflexible material was, however, difficult to handle 
and its use was abandoned. 

In spite of these poor results suture techniques have 
continued to be usec (Fable D. The larger studies have 
described very high rates of recurrence of between 31 and 49 
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22 ww . 2 
570,44, George and Ellis’ argued that the under- 


lying problem was that in all suture repair techniques the 
tissues are under tension and this increases the risk of 
ischaemia, suture cut-out and repair failure. 

However, Naraynsingh and Ariyanayagam*' reported 
only one recurrence (1 per cent) among 85 patients treated 
with a ‘keel’ technique (Fig. 2). The hernial sac was 
dissected free and simply reduced without dissection of 
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Fig. 1 Simple fascial closure Fig. 2 Keel repair 


Table 1 Recurrence rates after incisional hernia repair using open suture repair techniques (studies published up to 1980) 


Reference Year Technique No. of patients Recurrence rate (%) 
Obney'? 1957 Layered steel wire 192 F 

Young 1961 Rectus relieving incision 15 

Akman’? 1962 Layered steel wire 500 2 

Horton and Smith'® 1969 Various techniques 36 44 

Fischer and Turner’® 1974 Various techniques 151 17 

Maguire and Young” 1976 Rectus relieving incision 32 19 

Jenkins? 1980 Mass nylon 50 8 


Table 2 Recurrence rates after incisional hernia repair using open suture repair techniques (studies published since 1980). 


No. of Recurrence Follow-up 
Reference Year Technique patients (%) (months) 
Hope et ai.'® 1985 Da Silva method 27 0 30 
Langer and Christiansen® 1985 Primary closure 154 31 48-120 
George and Ellis? 1986 Keel or mass nylon 81 46 14 
van der Linden and van Vroonhoven” 1988 Primary closure, two-layer 151 49 39 

fascial approximation, 
4 Mayo overlap repair 

Naraynsingh and Ariyanayagam?' 1993 Keel technique 85° 1 71 
Gecim et al.” 1996 Primary closure 109+ 45 7-92 
Kuzbari et al.” 1998 Sliding door technique 10 0 26-66 
Shukla ef al.“ 1998 Cardiff repair 50 0 52 


"Only 23 had an incisional hernia; the remainder had paraumbilical, umbilical and epigastric hernias. ‘Nine underwent mesh repair 
) | : 
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sac contents. Both rectus abdominis muscles were exposed 
for at least 3 cm from their edge. An inverting suture 
technique was then used to bring the muscle bellies together 
in the midline to close the hernial defect and invert the 
hernial sac in a ‘keel’ fashion. Loop nylon was used. 
However, of the 85 patients only 23 had an incisional hernia: 
44 hada paraumbilical, 11 had an umbilical and seven had an 
epigastric hernia. Assuming that the single recurrence 
occurred in one of the 23 patients undergoing incisional 
hernia repair, the recurrence rate would still be a very 
acceptable 4 per cent. The authors suggested that their good 
results stemmed from the fact that their technique 
approximated muscle rather than fibroaponeurotic linea 
alba or anterior rectus sheath, both of which they claimed 
become stretched beyond their elastic limits, predisposing 
to herniation. Muscle, on the other hand, maintains an 
isometric state with varying load. 

Shukla and colleagues”? reported no recurrence in 50 
patients followed up for a mean of 52 months. The sac was 
excised and the peritoneum closed before a ‘Cardiff far and 
near’ primary abdominal wall closure was performed. 
However, the authors only recommended this technique 
for ‘small and medium sized defects’. 

Two smaller studies'”** reported no recurrences. The 
first!” included 27 patients who underwent a da Silva repair; 
using flaps of rectus sheath and fibroperitoneal tissue from 
the sac itself, three layers were produced in front of the pre- 
existing abdominal wall defect. Loop nylon was used for the 
repair. The good results obtained contradicted the sugges- 
tion of Naraynsingh and Ariyanayagam”! that approximat- 
ing aponeurotic tissue for repair would lead to high 
recurrence rates. There were, however, three deaths giving 
a mortality rate of 11 per cent and a complication rate of 78 
per cent. The other study’, which included only ten 
patients, used a ‘sliding door technique’, involving relaxing 
incisions in the aponeuroses of external oblique and 
overlapping rectus abdominis muscles. The good results 


Table 3 Complications of open suture repair 





Values in parentheses are percentages. *Eight underwent mesh repair 
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of both of these studies have not, however, been reproduced 
in any large trial. 

The commonest complications after open suture repair 
are wound related (Table 3) and include wound infection, 
haematoma, stitch sinus and flap necrosis. These occurred 
in 10-44 per cent of cases. Kuzbari and colleagues?’ 
reported one seroma in ten patients undergoing suture 
repair. Some of the 21 patients (26 per cent) who developed 
wound complications in the study by George and Ellis"? had 
a seroma but the exact number is not specified in the report. 
Hope and co-workers” reported three deaths (11 per cent), 
one from coronary thrombosis, one from sepsis related to 
simultaneous open cystolithotomy and one from carcino- 
matosis. No death was reported in the other studies. Only 
Hope et al.'” reported any respiratory complications; 12 of 
27 patients developed respiratory problems of whom three 
required ventilatory support. 


Open mesh repair 


33 


Usher” introduced knitted monofilament polypropylene 
(Marlex; C. R. Bard, Billerica, Massachusetts, USA) mesh 
into clinical practice in 1963. Other types of mesh have been 
used since then, although the two most commonly used 
remain polypropylene and expanded polytetrafluoroethy- 
lene. Various studies of mesh repair of incisional hernia have 
been reported in the English language literature (Table +). 
The recurrence rates vary between 0 and 10 per cent with a 
follow-up period of at least 12 months, with one excep- 
tion™ when patients were followed up for between 6 and 
33 months. This is markedly less than recurrence rates 
reported for suture repair. 

The techniques used vary considerably (Table 5). In most 
of the studies the hernia! sac was dissected and opened to 
allow division of adhesions before the contents of the sac 
could be reduced into the abdomen. Opening of the sac is an 
essential part of the procedure when the mesh is placed 
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intraperitoneally (Fig. 3), but some surgeons who insert the 
mesh extraperitoneally (Fig. 3) also open the sac, not only to 
divide adhesions but also to enable digital exploration of the 
interior of the abdominal wall to ensure there are no other 
defects’. 

Those preferring not to open the sac 
this decreases the risk of bowel injury, fistula, development 


28,33,40 
argue that 


K. Cassar and A. Munro Ħ Surgical treatment of incisional hernia 537 


of postoperative ileus and bleeding. Bauer and colleagues’? 
reported three fistulas, all of which followed opening the 
peritoneum and dissecting off small bowel resulting in 
enteric injury. In all three cases this was necessary to remove 
a previously implanted prosthesis. McLanahan and collea- 
gues*’ and Balen and co-workers’! reported one fistula each 
in their studies of 106 and 45 patients respectively. 


Table 4 Recurrence rates after incisional hernia repair using open mesh techniques 





PTFE, polytetrafluoroethylene 


Table 5 Studies of open mesh repair techniques 





PTFE, polytetrafluoroethylene. “Dupont, Wilmington, Delaware, USA. *Type not stated 
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Preserving the hernia sac also provides a layer of viable 
autogenous tissue to serve as a barrier between the 
prosthesis and the intraperitoneal contents, possibly 
decreasing the risk of adhesions, intestinal obstruction 
and fistula*'. Indeed some of those who open the sac and 
dissect adhesions subsequently resuture the peritoneum to 
provide such a barrier. When this is not possible, omentum 
may be interposed between the mesh and abdominal 
contents, or a polyglactin mesh may be fixed to the 
undersurface of the permanent mesh”. 

On the other hand, intraperitoneal placement of 
mesh****** using the open technique and, more recently, 
laparoscopically, has yielded good results with no apparent 
increase in complications. Initial concern about complica- 
tions associated with intraperitoneal polypropylene mesh 
placement* + now seem to be subsiding, although the 
debate persists. Indeed Vrijland et a/.*° concluded that 
enterocutaneous fistula formation appears to be very rare 
after incisional hernia repair with polypropylene mesh, 
regardless of intraperitoneal placement, omental coverage 
or closing of the peritoneum. 

Satisfactory results have been obtained with onlay’, 
extraperitoneal’* >s, subfascial? 93538 and intraperito- 
neal**"”*® techniques (Fig. 3). Most surgeons have used 
non-absorbable sutures (mainly polypropylene) to anchor 
the mesh. However Martin-Duce and colleagues?’ claimed 
that use of non-absorbable sutures to fix the prosthesis 
resulted in high tension and explained the high incidence of 


Table 6 Complications with open mesh repair 


abdominal pain reported’****". They felt that using 


absorbable sutures (polyglactin) reduced this problem. 
There appears to be general agreement on the need to 
achieve overlap of the mesh with the abdominal tissue by at 
least 3 cm*?*5054363840 This allows a large surface area 
laterally for ingrowth of connective tissue, leading to 
permanent fixation of the prosthesis within the abdominal 
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Fig. 3 Options for position of mesh. 1, Intraperitoneal; 2, 
extraperitoneal/subfascial; 3, onlay 


No. of No. of Wound | 

Reference Year patients seromas complications lleus Pain Other 
McCarthy and Twiest?® 1981 25 = 1 (4) - - - 
Matapurkar et al.” 1991 60 - 10 (17) 2 (3) 1 (2) - 
Temudom et al.”® 1996 50 3 (6) 8 (16) 1 (2) 7 (14) - 
Gillion et al?* 1997 158 - - - - 5 (3) sepsis 
McLanahan et al.” 1997 106 1 (1) 19 (18) - 5 (5) 1 (1) fistula 
Turkcapar et al.” 1998 45 2 (4) 4 (9) - - - 
Balen et ai.*' 1998 45 2 (4) 2 (4) - - 1 (2) fistula 

1 (2) wound sinus 
Whiteley et al. 1998 10 -= 0 (0) - - - 
Bauer et al.” 1999 98 5 (5) 9 (9) - - 3 (3) fistula 

19 (19) explantation 

Utrera Gonzalez et al.® 1999 84 5 (6) 6 (7) - - 2 (2) respiratory failure 

1 (1) death from necrotizing fasciitis 
Amaud et al.* 1999 250 - 10 (4) - - 2 (1) deaths 
Chrysos et al.” 2000 52 8 (15) 4 (8) - - - 
Ladurner et al.™® 2001 57 = 6 (11) = 12 (21) 1 (2) death from pulmonary embolism 
Martin-Duce et al,” 2001 152 14 (9) 24 (16) 3 (2) 42 (28) 1 (1) deep vein thrombosis 


Values in parentheses are percentages 
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3 (2) urinary infection 
2 (1) respiratory infection 
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wall’, The wide placement also decreases the risk of 
recurrent hernia occurring at the lateral edge of the defect. 
The wide overlap also allows for the shrinkage of the mesh 
that has been shown to occur in experimental 7 vivo studies 
in dogs*’. 

In most of the studies reported, suction drains have been 
used in an attempt to prevent seroma and haematoma 
formation, although one group’ stressed that vacuum- 
sustained drainage was turned off as early as possible in 
order to reduce the risk of infection. Vrijland and 
colleagues”, however, concluded that the present results 
suggest no relation between insertion of a subcutaneous 
drain and a decrease in seroma formation. 

Seroma formation occurred in 1-15 per cent of cases 
(Table 6) Wound infection was another common complica- 
tion (4-12 per cent), in some cases requiring removal of the 
mesh??373°, Bauer and colleagues?” reported a 3 per cent 
incidence of fistula, and Martin-Duce et al?” reported 
persistent pain beyond 6 months in 28 per cent of patients. 

Heavy contamination at the time of surgery si gnificantly 
increases the risk of severe complications when mesh is 
used. One study?” using polypropylene mesh described 
gross contamination in 29 of 31 patients, 14 of whom 
ultimately extruded the mesh. The authors recommended 
avoiding mesh in these circumstances. 


Open suture repair versus open mesh repair 


Five recent studies, one prospective? and four retro- 
spective, have compared mesh repair and primary closure 
(Table 7). Liakakos and colleagues”’ found that the recur- 
rence rate with mesh repair was only 8 per cent compared 
with 25 per cent after suture repair after 90 months of 
follow-up. Similarly, in a larger comparative study of 272 
hernias, Schumpelick et a/.*” found a recurrence rate of 7 per 
cent for mesh repair and 33 per cent for suture repair after a 
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mean follow-up period of 64 months. Koller and collea- 
gues’! retrospectively compared the results of sutured 
repair in 70 patients with mesh repair in 26 patients. The 
recurrence rate after 24 months was 63 per cent for the 
sutured group and 13 per cent for the mesh group. The 
recurrence rate for sutured repair is the highest rate 
reported in the literature. In the study by Clark*’, in 
which 13 patients had suture repair and eight had mesh 
repair, the recurrence rate was 38 per cent for the former 
group after 25 months and 25 per cent for the latter group 
after 13 months of follow-up. 

The only randomized prospective trial comparing open 
suture repair and mesh repair was that reported by 
Luijendijk et al. This was a multicentre trial, which 
randomly assigned 200 patients to suture or mesh repair. A 
polypropylene mesh was used and this was sutured in a 
subfascial position. Of the 181 patients included in the 
study, 97 had suture repair and 84 mesh repair. The 
recurrence rate was 46 per cent in the suture group and 23 
per cent in the mesh group (P = 0-005) after a mean 
duration of follow-up of 26 months. The complication rate 
did not appear to be significantly different between the two 
groups although this was not analysed statistically in the 
study. 


Laparoscopic incisional hernia repair 


Laparoscopic repair of incisional hernia was introduced in 
the 1990s, with the expectation that recurrence rates similar 
to those of open mesh repair could be obtained, with an 
improvement in recovery time, hospital stay and complica- 
tion rate. Since 1996, 14 reports of laparoscopic repair have 
been published (Table 8), all placing mesh in an intraper- 
itoneal position. 

The techniques used in these studies were very similar. 
After achieving a pneumoperitoneum, a variable number of 


Table 7 Studies comparing open suture and open mesh repair of incisional hernia 





*Randomized clinical trial. PTFE, polytetrafluoroethylene 
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Table 8 Studies of laparoscopic incisional hernia repair 


Reference Year Type of mesh 
Park et al.5 1996 PTFE/polypropylene 
Costanza at al 1998 PTFE 
Franklin et al. 1998 Polypropylene 
Toy et al 1998 PTFE 
Koehler and Voeller” 19 PTFE 

Kyzer et al.5® sa PTFE 
Sanders et al.” 1999 PTFE 
Carbajo atan 2000 PTFE 
Chowbey et al. | 2000 Polypropylene 
Henitord et al. 2000 PTFE 
LeBlanc et al E PTFE 
Moreno-Egea et al.®° 2001 Parietex* 


No. of patients Recurrence (%) Follow-up (months) 
30 3 18 
16 5 18 

176 1 30 

144 4 7 
32 9 20 
53 2 17 
11 9 12 

100 2 30 

202 1 35 

100 3 22 

407 3 23 
44 5 7 
96 9 51 
20 0 10 


PTFE, expanded polytetrafluoroethylene. *Sofradim, Villefranche sur Soane, France 


trocars were inserted. Most surgeons placed the trocars as 
far laterally from the hernial defect as possible”, The 
majority of surgeons preferred using a 30° or 45° laparo- 
scope? 63:08, while others used a 0° instrument®. 
Adhesions were divided and the contents of the hernial sac 
reduced. The edges of the defect or defects were exposed on 
all sides. In all cases the hernial sac was left in situ. Heniford 
and colleagues”’ felt that leaving the sac in situ did not give 
rise to problems other than to allow seroma formation 
during the first few weeks. Within approximately 6 weeks, 
however, all seromas in their study had resolved and only 
eight seromas were reported in the 407 patients (2 per cent). 
In other studies seromas occurred in between 1 and 36 per 
cent of patients*+°65%.60,62,63,65 

Once the size of the hernial defect was defined, the proper 
size of mesh was determined. The prosthetic mesh was then 
inserted into the peritoneal cavity. There appears to be 
universal agreement that an overlap of at least 3 cm between 
the mesh and the fascial edge is necessary” 7"°5962.63,65 Tj 
the early studies, tacks, staples and even titanium screws 
were used to fix the mesh in place. However, staples alone 
have been found to provide inadequate fixation’®, and 
through and through sutures, inserted using a needle-point 
suture passer (Fig. 4), are now generally used? ?:95:59.63,69. 
The Gore suture passer’”*’ (W. L. Gore, Newark, 
Delaware, USA) and the Carter-Thomason Needle-Point 
suture passer > (Inlet Medical, Eden Prairie, Minnesota, 
USA) are the two most often used. The suture passer has a 
grasping jaw to carry a stitch via a small skin incision 
through the abdominal wall into the abdomen and through 
the mesh. The stitch is released and the passer is removed 
and reinserted via the same skin site to grasp the stitch about 
1 cm away to create a mattress suture. 
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Fig. 4 Inserting sutures at laparoscopic mesh repair (broken line 
shows abdominal wall defect) 


In one study” all nine recurrences in 96 patients treated 
by laparoscopic repair occurred in those in whom only tacks 
or staples, rather than sutures, had been used. The reported 
interval distance between sutures varies between 2 cm*’ and 
5 cm®’, but tacks or staples are inserted between sutures and 
these should probably be no more than 1 cm apart. Most 
authors have not used drains, in contrast to the fashion with 
open mesh techniques where the use of drains is almost 
universal. 
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Table 9 Complications 





aroscopic incisional hernia repair 
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Values in parentheses are percentages 


Table 10 Studies comparing laparoscopic mesh and open mesh incisional hernia repair 





*Randomized clinical trial 


The recurrence rates obtained with laparoscopic inci- 
sional hernia repair vary between 0 and 9 per cent. In four of 
the bigger studies’°"°"’, the recurrence rate was 1-3 per 
cent, with a follow-up period ofat least 22-5 months, similar 
to rates described for open mesh repair with a shorter 
follow-up. In one of these studies’ 
the reported 176 patients had an incisional hernia, the rest 
being mainly umbilical. Common complications of laparo- 
scopic repair include seroma, wound infection (including 
trocar-site infection), ileus, haematoma and pain (Table 9). 


In some cases infection led to removal of the mesh. More 


`, however, only 112 of 
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serious complications, such as small bowel injury, were less 
common (0-6 per cent). 


Laparoscopic versus open incisional hernia 
repair 


There are six studies in the literature comparing laparo- 
scopic and open repair (Table 10), only one of which was a 


randomized clinical trial”. In the five retrospective 
. 67-7 . ; i 
studies®’~’' the rate of recurrence with laparoscopic mes 


repair was the same as, or less than, that of open mesh repair, 


. 
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although in two of these studies the follow-up period was 
substantially longer for the open repair group. In another of 
these studies” the two groups were not comparable as the 
patients undergoing open repair were older and had larger 
tascial detects. 

In the randomized clinical trial’, 60 patients had either 
open or laparoscopic mesh repair. The recurrence rate in 
the open group was 7 per cent; there was no recurrence in 
the laparoscopic group over the same mean follow-up 
period of 27 months. Complications were fewer and the 
hospital stay was significantly shorter in the laparoscopic 
group, although the staff taking care of the patients were not 
blinded to the type of procedure. Operating time was also 
significantly shorter in the laparoscopic group. Ramshaw 
and colleagues” also found that operating time was shorter 
for the laparoscopic group (58 versus 82 min) but the other 
four comparative studies found the opposite. 

Five of six studies®”“°’""* reported higher complication 
rates and longer hospital stay in the open group. Chari and 
colleagues“? found no statistically significant difference 
between the two groups in terms of hospital stay or 
complication rate. The conclusion from all six studies was 
that laparoscopic incisional hernia is at least as effective and 
as safe as open mesh repair. Chari and colleagues“ 
concluded that there was no demonstrable advantage of 
laparoscopic over open repair (although no demonstrable 
disadvantage either), while the other authors suggested that 
laparoscopic repair was better in terms of complications and 
duration of hospital stay. 


Factors influencing recurrence 


The most consistent risk factor for recurrence is wound 
nedo. Houck and colleagues’? showed that 
open incisional hernia repair is associated with a signifi- 
cantly higher infection rate than other clean general surgical 
procedures, and so it is not surprising that the use of 
prophylactic antibiotics for incisional hernia repair has 
increased, particularly when using mesh?®???-°?, In one 
study on factors affecting wound complications in ventral 
hernia repair’, 91 per cent of patients undergoing mesh 
repair received prophylactic antibiotics compared with 71 
per cent of those undergoing suture repair. However, the 
use of antibiotics did not appear to influence the incidence 
of wound complications. Still, the number of patients in 
each group was small and, in the absence of randomized 
clinical trials comparing results of repair with and without 
antibiotic prophylaxis, use of antibiotics in this context 
seems justified. First-generation and third-generation 


infection” 


cephalosporins are most often used. 
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Hesselink and colleagues” found that the larger the 
hernia, the greater the risk of recurrence, but this was not 
corroborated by Luijendijk et a/.*°, who found that size did 
not matter. However, the latter authors reported that 
prostatism in men, previous abdominal aortic aneurysm 
surgery and suture repair were all risk factors for recurrent 
hernia. Presumably prostatism is a risk factor because of the 
increased intra-abdominal pressure associated with strain- 
ing at micturition. Other conditions such as chronic 
constipation”, chronic obstructive airways disease’, 
smoking’? and occupational lifting’?, which may all cause 
increased strain on the repair, have also been implicated in 
recurrence. Koller and colleagues’! found that the risk of 
recurrence was lower in women. 


Conclusions 


In spite of the relative paucity of randomized clinical trials, 
the larger studies published to date highlight unacceptably 
high rates of recurrence (up to 49 per cent) with open suture 
repair of incisional hernia. While there have been isolated 
smaller studies reporting lower recurrence rates using flaps 
of rectus sheath for the repair'??*, a recent experts’ 
meeting” agreed unanimously that both fascial coaptation 
and fascial overlap techniques should only be used for small 
incisional hernias. 

The recurrence rates reported for open mesh repair have 
been consistently lower (0-10 per cent). This has been 
confirmed in four comparative studies? *™ and a rando- 
mized clinical trial*’, which showed a significantly lower 
recurrence rate in the mesh group (46 versus 23 per cent) 
although complication rates did not differ between the 
groups. 

Laparoscopic mesh repair produces similarly low recur- 
rence rates (0-9 per cent) with acceptable morbidity. Five 
comparative studies? 67? | including a randomized clinical 
trial, showed advantages of laparoscopic over open mesh 
repair. Another study® showed no such advantage. The 
evidence available at present suggests that laparoscopic 
repair is feasible, safe and at least as effective as open mesh 
repair, although experience with the new method is still 
limited. As laparoscopic skills improve, it is likely that 
laparoscopic repair will become more widely performed, 
and this may make feasible a large multicentre randomized 
clinical trial comparing open and laparoscopic mesh repair. 
Even with the current level of evidence, encouraging 
training in the technique of laparoscopic mesh repair 
appears worthwhile. Some surgeons” feel that even now 
there is enough evidence to recommend laparoscopic repair 
as the first-line treatment for incisional hernia where this is 
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available; where it is not, open mesh repair remains a 
suitable alternative. 
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Background: Diverticula are herniations through the colonic wall and are therefore likely to be due to a 


weakness within the wall, an alteration in intracolonic pressures or a combination of these factors. This 
article reviews these aspects in relation to the pathogenesis of colonic diverticula. 
Methods: Medline and Science Citation Index searches were performed to locate English language 


articles relating to the pathogenesis of colonic diverticulosis published since 1960. Manual cross- 


referencing was also performed and some historical articles were included. 
Results and conclusion: Several theories now exist about the development of colonic diverticula. The 
majority of the evidence suggests that the morphological changes are the response to a lifelong 


consumption of a low-residue diet. However, there are complex relations between colonic structure, 
motility and dietary factors, and it is likely that all of these (and possibly genetic influences) play a role in 


the pathogenesis to a greater or lesser degree. 
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introduction 


Colonic diverticulosis is the most common. structural 
abnormality of the colon. The exact incidence is not 
known but it is endemic in elderly populations of developed 
countries. Diverticula are herniations through the colonic 
wall and so are likely to be due either to a weakness in the 
colonic wall or to altered intracolonic pressure, or to a 
combination of these factors. The incidence continues to 
rise and changes in dietary patterns are thought to be 
responsible. However, the structural integrity and motility 
of the colon are influenced by a variety of factors and this 
article reviews these aspects in relation to the pathogenesis 
of colonic diverticulosis. 


Search strategy 


An internet-based search strategy of the Medline and 
Science Citation Index was performed using the keywords 
diverticulosis, diverticular disease, pathogenesis, motility, 
intracolonic pressure and structure in various combinations 
with the Boolean operators AND, OR and NOY. Only articles 
relating to the pathogenesis of colonic diverticula were 
considered. Human and animal studies were used and 
manual cross-referencing was also performed. Articles 
published in the English language between January 1960 
and April 2001 were selected. Letters and most case reports 
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were excluded, and abstracts are cited only when the full 
papers were unavailable. 


Colonic motility 


The complex nature of colonic motility’ together with the 
relative inaccessibility of the organ make detailed descrip- 
tions difficult, although some generalizations are possible. 
The commonest motor pattern is tonic segmenting and 
rhythmic contraction, with the former creatin g stationary 
narrow rings that appear as the haustral markings. These 
segmental contractions normally serve to slow the faecal 
stream, thereby maintaining continence and permitting 
water absorption and electrolyte exchange. There are also 
infrequent propulsive peristaltic contractions that usually 
move in a caudal direction, occurring on average six times a 
day”. These hi gh-amplitude propagated contractions are 
the manometric counterpart of the infrequent mass move- 
ments’. The myoelectrical activity leading to these move- 
ments and the alterations in pressure that occur as a result 
have both been implicated in the pathogenesis of colonic 
diverticulosis. 


Intracolonic pressures 
i r 4 ‘ ` x 
Painter etal’, using manometry and simultaneous cine- 


radiography, showed that the intermittent segmentation 
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Table 1 Summary of studies on intracolonic pressure 





process caused by the systematic contraction of the circular 
muscle divided the lumen into a series of compartments. 
They likened these to small bladders. The resulting raised 
intracolonic pressure within these compartments led to a 
substantial outward force on the colonic wall and these 
authors hypothesized that this was a prerequisite for 
diverticula formation. This temporal relationship was 
confirmed by Arfwidsson’, who demonstrated a raised 
intracolonic pressure in patients in the prediverticular state, 
suggesting that the alteration in pressure was the primary 
abnormality. Since these pioneering works, several further 
studies have attempted to demonstrate alterations in 
intracolonic pressure objectively and relate these to changes 
within the colon (Table 1). Despite some conflicting 
conclusions, most agree that there is increased phasic 
pressure activity but that this relates more to symptoms than 
to the mere presence of diverticula. The inconsistencies that 
arise are probably the result of a number of factors. As Parks 
and Connell? have pointed out, confusion stems from 
methodological differences, in particular relating to bowel 
preparation and pressure sensors, as intracolonic pressure 
depends not only on the power of contractions but also on 
gut contents and outflow resistance. The heterogeneity of 
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patients and disease states under investigation is com- 
pounded by poor patient selection'*, relatively small 
numbers, and differences in the anatomical sites under 
investigation. Furthermore, the period of measurement, 
which was often less than 2 h in one or two regions of the 
distal colon, is insufficient to detect the substantial pressure 
changes that may occur throughout the colon over a 24-h 
period as a result of as eating, emotion and defaecation. On 
these grounds it seems unreasonable to draw any firm 
conclusions from these investigations. 


Myoelectrical activity 


In addition to local pressure changes, a more generalized 
alteration in colonic motility has been implicated in the 
pathogenesis of diverticulosis. Extracellular electrodes 
show slow waves with spiking contractions corresponding 
to muscle contraction occurring at the peak of depolariza- 
tion. It is believed that the slow waves originate from the 
interstitial cells of Cajal’°, as animals lacking these do not 
demonstrate slow waves!®. Hiuzinga etal.'”'* found that, 
in vitro, bursts of action potentials from diverticular 
specimens did not develop in a typical manner in response 
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to cholinergic stimulation. This would favour segmental 
non-propagating contractile activity rather than propulsive 
motion normally associated with the action potentials. 

In vivo studies have produced contradictory evidence, as 
slow-wave activity has been shown to be both unaltered!”° 
or possibly increased***? in patients with diverticulosis. 
These discrepancies may relate to the difficulty in recordin g 
electrical activity from luminal electrodes with variable 
contact, especially in a deformed, fibrotic colon. Fast-wave 
activity is increased’? in patients with diverticulosis and 
these changes have a tendency to persist following resection 
of the affected segment, suggesting an inherent alteration in 
electrical activity. However, the exact relevance of any 
myoelectrical changes in relation to mechanical events 
remains uncertain. 


Structural aspects 


From a structural perspective, the colonic wall is a 
composite of smooth muscle, connective tissue structures, 
and cellular and nerve elements embedded in an extra- 
cellular matrix. The mechanical properties of a complex 
structure such as this rely on the physical properties and 
durability of the individual elements and on their relative 
interactions. 

Histologically, the normal colon consists of the mucosa, 
submucosa and the deeper muscle layers. The muscularis 
propria consists of an inner and an outer layer; the inner 
circular layer forms a continuous sheath around the bowel, 
whereas the outer longitudinal layer, although it does forma 
thinner circumferential layer”, is concentrated mainly in 
three narrow bands (taeniae coli). The taeniae are variable in 
position, but in the sigmoid region one is situated in the 
mesenteric attachment and the other two are antimesen- 
teric. Both muscle layers of the normal colon become 
progressively thicker distally as one moves toward the 
sigmoid, and in this region the taeniae become wider and 
closer together, eventually fusing in the rectosigmoid 
region. It is usual to find two rows of diverticula, one on 
either mesenteric side of the antimesenteric taeniae. In 
approximately half the cases, an additional row of diverti- 
cula is found between the antimesenteric taeniae”°. 

‘The taeniae are approximately one-sixth shorter than the 
intestine to which they are attached and, as a result, the 
colon is compressed into haustra and sacculations, features 
of the bowel that allow large changes in the cross-sectional 
area of the lumen with comparatively little muscular effort; 
this permits propulsion of the faecal bolus”’. Histologically, 
there is a close relationship and fascicular union between the 
taeniae and circular muscle. As a consequence, the taeniae 
act not only as shortening fibres for the intestine but also as 
longitudinal supports to which the circular muscle fibres are 
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attached**. Thickening of the muscular layer is one of the 
most noteworthy and consistent features of diverticulosis, 
in both surgical? and post-mortem?” specimens. This 
change is thought to predate the formation of diverticula’ 
and has been implicated in the pathogenesis of diverticulosis 


30-32 


by many authors, 


Muscularis propria 


The morphology and histological structure of the muscu- 
laris propria in diverticular disease has been studied 
frequently. In Arfwidsson’s initial studies, he showed 
hypertrophy to be present in the circular muscle layer’. 
Although some of those subjects had previously experienced 
diverticulitis, similar specimens examined by Morson?” 
showed no evidence of hypertrophy or hyperplasia. 

Whiteway and Morson*!? also studied the histologica! 
structure of the muscularis propria in patients with 
uncomplicated diverticulosis, without changes induced by 
inflammation, obstruction or fibrosis. Although the muscle 
cells themselves were normal with no evidence of hyper- 
plasia or hypertrophy (a finding supported by Slack*+), both 
the circular muscle layer and taeniae coli were thickened, 
and the cause of this thickening was found to be different in 
the two layers. The taeniae were thickened secondary to 
elastin deposition, which also leads to contraction in this 
layer. There was an increase of over 200 per cent com pared 
with controls’', As a result of the close fascicular union 
between the two muscle layers, contraction of the taeniae 
leads to lengthwise compression and thickening of the 
circular muscle layer, producing the characteristic con- 
certina-like folds in the inner muscle layer. Between these 
folds the mucosa comes to lie in close apposition to the 
serosa, a situation that predates the formation of diverti- 
cula? 

The elastin molecules are structurally formed in B-helical 
spirals which are laid down in a contracted state**. This 
retains the taeniae in the shortened position and gives them 
an almost cartilaginous texture. This can account for the 
gross contracture deformity seen in operative specimens 
and leads to the inability of the colon to elongate normally 
when the circular muscles contract. It may also explain the 
increase in distensibility of the bowel wall that occurs in 
diverticular disease”??? and may be the reason why bran fails 
to alter the strength and tone of the colonic wall in affected 
patients”. Whiteway and Morson** suggested that the 
elastosis in the taeniae may be the initial change in 
diverticular disease, although mechanisms behind this are 
still unproven. 

Leung and colleagues” showed that repeated intermit- 
tent distension in vitro could result in the increased synthesis 
of connective tissue components. It might therefore be 
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hypothesized that the reduced faecal load produced by a 
Western diet, which distends the narrowed colon only 
intermittently, may initiate the deposition process in the 
intestine. This is supported by the finding that resection 
specimens show the presence of elastin fibres in various 
stages of maturity, suggesting that deposition occurs on a 
continual basis’’. Interestingly, this argument may have 
validity as the pattern of elastosis present ın diverticulosis is 
similar to that found in pulmonary hypertension, in which 
the pulmonary artery has to withstand increased pressure 
intermittently“! 

Smith?’, on the other hand, suggested that an alteration 
in diet has effects on the physical properties of the colon 
leading to the elastogenesis. The colon exhibits a mechan- 
ical property termed prestrain**. This phenomenon occurs 
in many living tissues that are held under varying amounts of 
stretch and may be demonstrated by the shortening of the 
colon or blood vessels when they are excised. Such a physical 
property allows maintenance of form as it permits tissues to 
expand in one direction without altering their length in 
another. Smith?’ suggested that the increase in elastin 
within the taeniae may be compensation for the reduction in 
prestrain secondary to a low-fibre diet. These observed 
changes within the taeniae may also be relevant from a 
motility perspective. The slow waves passing through the 
colon are generated from this part of the wall and their 
frequency has been shown to be altered in some patients 
with diverticular disease. Whether these two changes are 
related and whether the resulting alteration in slow-wave 


frequency 1s mechanically significant is, as yet, unclear. 


Connective tissue 

Within the normal colon, collagen and elastin form a widely 
spaced meshwork distributed throughout the wall, provid- 
ing the major stress-bearing components with respect to 
intracolonic pressure. Whether changes in intracolonic 
pressure are present or not, connective tissue structural 
weakness would make the colon more susceptible to 
herniation of the more elastic mucosa through 1ts wall. In 
vivo studies by Parks and Connell’, and additional m vitro 
experiments by Smith etal.°®, showed an increase in 
compliance to be present in the diverticular colon, 
indicating a reduction in the structural integrity of the 
bowel wall. Itis unclear whether the changes are localized or 
affect the whole colon. As both Smith etal.’ and Parks** 
found these changes to persist in the remaining unaffected 
colon following resection, there may be a widespread 
reduction in structural integrity, leading to a general 
predisposition to form diverticula. These results also 
indicate that the compliance changes are not the product 
of the diverticula themselves. 
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However, the changes in collagen are likely to be 
qualitative rather than quantitative as collagen content 
remains unaltered in both muscle layers’! and the whole 
colonic wall**, compared with controls. The involvement of 
a possible genetic connective tissue defect is suggested by 
reports of diverticula in children and young adults with 
Marfans**** or Ehlers~Danlos*’ syndrome. There is also a 
strong relationship between polycystic kidney disease and 
perforated diverticula’. Furthermore, while the area of 
genetic predisposition has yet to be fully explored, it 1s 
known that race 1s implicated in the pathogenesis of right- 
sided colonic diverticula, a condition more commonly seen 
in Far Eastern populations“. It may be that patients 
developing left-sided diverticula have a so far undetected 
genetic abnormality within their tissues, or are genetically 
more prone to the natural ageing process. 


Mucosa 


The majority of diverticula pass through the bowel wall at 
weak points in the circular muscle layer where the blood 
vessels penetrate it to supply the mucosa*””’; this suggests 
that pulsion may play a part in their pathogenesis. Colonic 
mucosa affords little tensile strength and is extremely 
expansile, a property that allows easy herniation through 
points of wall weakness. Historical articles** have suggested 
that an important aetiological factor is deposition of fat in 
the perivascular tissue, leading to an exaggeration of the 
potential space through which herniation can occur. 
However, modern studies have failed to show any pre- 
ponderance of diverticulosis in obese subjects*’ and obesity 
1s no longer recognized as an aetiological factor. 


Agelng 


Epidemiological evidence demonstrates an increase in the 
incidence of colonic diverticulosis with rising age; perhaps 
the most important finding in this respect 1s the reduction in 
tensile strength of the colonic wall with age**°*. The exact 
mechanism underlying this reduction remains uncertain. 
The maor structural component of the submucosa is 
collagen”®, the fibres of which are arranged in a discontin- 
uous mesh that, along with elastin, provides strength and 
expansibility and allows mamtenance of shape’. 
Collagen fibrils demonstrate increased cross-linking with 
age?” and, in the left colon, become smaller, more 
numerous and more tightly packed; this trend is more 
pronounced in diverticular disease’. Pace’? demonstrated 
that the collagen tissue layer between the longitudinal and 
circular muscle in the normal colon is reduced with 
increasing age, although the individual fibres may increase 
in thickness up to the age of 60 years. The increase in 
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thickness probably explains the constant collagen content 
within the colonic wall and indicates that qualitative 
changes are of more importance than quantitative ones. 

Elastin content increases throughout life in all layers of 
the colon*’, although its deposition predominates in the 
taeniae in patients with A, The fibres become 
shorter, thicker and less wavy, which may account for the 
increase in distensibility of the diverticular colon’*”. There 
is also a steady increase in the thickness of the Bowel wall 
with age, both longitudinal and circular muscle layers being 
affected. Consideration of this finding in relation to the 
mechanical studies indicating a reduction in tensile 
strength’*”* suggests that the increase in muscle thickness 
with age is no compensation for the qualitative reduction in 
mechanical integrity of the colonic wall. 


Dietary factors 


Diverticulosis was described by Painter and Burkitt? as a 
disease of Western civilization; there is a large amount of 
historical and epidemiological evidence supporting the role 
of dietary factors in the pathogenesis of the condition®!”, 
In particular, diverticulosis is rarely seen in rural Africa or 
Asia, but becomes increasingly prevalent in people e living in 
areas within these continents that have developed econom- 
ically and acquired Western dietary habits. Populations 
moving from a rural to an urban environment experience an 
increased prevalence of diverticular disease, further sup- 
porting this hypothesis”. 

Diet dictates to a large degree the composition of luminal 
contents in the colon and this has implications for colonic 
structure and motility. It may also influence the chemical 
composition of the supporting structures, particularly the 
collagen fibres”. +. Large- bore colons are toogi in countries 
where a diet rich in fibre is consumed^™®®, By contrast, the 
modern Western diet, which tends to be fibre depleted, 
produces less stool bulk, resulting in a colon of reduced 
diameter. The narrowed lumen, redundant mucosa and 
prominent muscular folds make the formation of the 
bladder-like compartments described by Painter etal 
during the segmentation process more likely, thereby 
raising the intracolonic pressure significantly and favouring 
the development of diverticula. Perhaps without these 
presumed physiological changes there would be a decrease 
in intracolonic pressure in a relaxed, empty intestine, 
leading to diarrhoea®’ as the reduced faecal stream would 
pass distally without resistance. The pressure required to 
distend the colon is greatest where the radius is small (aw of 
Laplace) and so passage of faeces through a narrow colon 
requires greater intraluminal pressure. This suggests a 
greater stress in the wall of the narrow colon than would 
enhance the formation of pulsion diverticula. 
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There is also a positive correlation between transit time 
and the amount of fibre in the diet. Food residue generally 
passes through the African gut within 48 a resulting in a 
bulkier stool without the need to straint". By contrast, a 
typical English low-residue diet of the 1960s resulted in a 
transit time nearly twice as long”, encouraging drying of 
the stool and increasing viscosity’ Said ee generation, 
Ignoring the call to stool and flatus retention’® also have a 
theoretical effect on intracolonic pressure, and have both 
been suggested as factors in the pathogenesis of diverticu- 
losis, although convincing evidence in this area is lacking. 


Animal studies 


The above concept of the pathogenesis of colonic 


diverticulosis has been supported by work on animal 
models the most comprehensive of which involved 1800 
rats’. The demonstration of a significant relationship 
ee dietary fibre, faecal output and transit time, and the 
observation of both single and multiple true acquired 
diverticula, validated the use of the rat as a model for colonic 
diverticulosis. Significant inverse relationships were 
demonstrated between the incidence of diverticula (and 
prediverticula) and the content of fibre within the diets. 
However, a major anatomical drawback is that rats have a 
complete layer of longitudinal muscle rather than the 
taeniae found in humans. 

Rabbits have also been used in the study of diverticular 
disease because of their size and their similar colonic 
structure to that of humans. eas eel “ fed them a low- 
residue diet of white bread, butter, milk and sugar for 
+ months, noting a general deterioration in condition but 
an increase in weight. Following stimulation with prostig- 
mine, intertaenial diverticula appeared that mimicked the 
original description of Painter etal.*, In addition, the 
colonic motility index’* increased by tenfold. The rabbit 
colons were thought to be contracted and the animals 
became constipated with a reduced faecal output (from 80 g 
to 3 g per day) and an increase in transit time (48 versus 
24 h). Animal models have also permitted the effect of diet 
on the structure of the colonic wall to be examained. Wess 
etal.”* found that a high-fibre diet fed to rats protected 
against collagen cross-linking and this was related to a 
decreased incidence of diverticula. Further work by this 
group’” examined the her editary aspect of the condition by 
assessing the effect of maternal diet on the incidence of 
diverticulosis. When newborn rats (regardless of maternal 
diet) were fed a low-fibre diet, they were found to dev elop 
diverticula. However, significantly fewer diverticula 
occurred in rats born to mothers previously fed a high- 
fibre diet. These studies appear to suggest that, in addition 
to current diet, maternal diet may also influence the 
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development of colonic diverticula. Animal models of 
colonic inflammation’®”’ produce thickening of the 
muscular wall which may persist after resolution of the 
inflammation, suggesting that some of the muscular 
thickening noted in resection specimens of complicated 
disease may be secondary in nature. 


Conclusion 


Several theories exist on the development of colonic 
diverticula; much of the evidence suggests that the 
pathological changes are adaptive, resulting from a lifelong 
exposure to a low-residue diet. However, there are complex 
interactions between colonic structure, motility and diet, 
and it is feasible that all of these factors (and possibly genetic 
influences) play a role in the pathogenesis to a greater or 
lesser degree. 

As the population ages, the increase in the incidence of 
diverticular disease is likely to continue and pmmary 
prevention with a high-fibre diet is probably not a feasible 
management option. Epidemiological evidence suggests 
that not only would such treatment need to be prolonged, 
but also the amount of fibre needed would be very high, 
much higher than in the typical Western ‘high-fibre diet’. 
pyeongn vegetarians have a lower incidence of diverticular 
disease’®, there is no good evidence that eating a high-fibre 
diet prevents the progression of established diverticulosis or 
reduces the incidence of complications. 

Despite this, established treatment patterns involve 
mainly dietary manipulations, none of which is particularly 
effective”. Indeed, they may increase symptoms in a 
significant proportion of patients™. A possible explanation 
for such ineffectual treatment is that the reason for 
symptom generation is poorly understood. Furthermore, 
why certain patients with diverticula experience symptoms 
while others do not remains a mystery. It is worthy of note, 
however, that patients who have previously suffered bouts 
of diverticulitis are more likely to experience subsequent 
episodes of recurrent short-lived abdominal pain and 
altered bowel function®"®*. This clinical situation seems 
analogous to the postinflammatory symptoms that are a 
recognized feature of other inflammatory conditions of the 
colon, such as infective enteritis? and inflammatory bowel 
disease". 

A growing area of interest in the development of colonic 
symptoms such as these involves the effect of inflammation 
on the enteric nervous system in which complex neural 
circuits are central to normal gut function. A range of 
inflammatory insults ın animal models has shown that even 
transient inflammation that leaves no residual scarring can 
profoundly alter bowel function®***. Smooth muscle 
hypertrophy and increased sensitivity to abdominal disten- 


© 2002 Blackwell Sience Lad 


sion have been demonstrated, possibly mediated via 
inflammatory cytokines®”™*, and structural changes in gut 
innervation have also been reported”. 

Human studies in this sphere are as yet limited, but an 
increased level of the neuropeptide substance P”, which 
may relate to altered visceral sensation, has been demon- 
strated in patients with diverticular disease. 
Neuroproliferation within the appendix in association 
with an increased concentration of substance P and 
vasoactive intestinal polypeptide has been implicated in 
the pathophysiology of right ilac fossa pain in the absence 
of inflammation”. An alteration in the density of vanilloid 
receptors, which are found on enteric sensory nerves, has 
also been implicated in the pain and dysmotility of 
inflammatory bowel disease”’. Limited studies of patients 
with diverticulitis have also demonstrated abnormal 
nerves with axonal sprouting suggestive of previous 
injury’’. 

These findings are compatible with postinflammatory 
neural and muscle dysfunction and suggest a mechanism for 
the generation of chronic symptoms in diverticular disease. 
The actual number of patients with possible postinflamma- 
tory symptoms 1s likely to be considerable. It is estimated 
that 10-25 per cent of people with colonic diverticulosis will 
suffer inflammation at some point ın their lives, with a 
recurrence rate of 7-35 per cent”, The process of 
inflammation, repair, neuronal plasticity and symptoms 
requires further evaluation as it is a sequence that 1s 
amenable at many stages to pharmacological manipulation. 
This offers potential future benefit to patients for whom at 
present there is little to offer. 
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Background: Sporadic reports of penile fracture give the impression of a rare trauma. The value of 
diagnostic investigations is doubtful and treatment options are controversial. 

Methods: A Medline search from January 1966 to July 2001 using the terms ‘fracture of penis’, ‘penile 
trauma’ and ‘coital injuries’ was used to identify full texts of publications on fracture of the penis. Full 
texts of relevant references from these publications were also identified. Data extracted for review 
included authors, country and year of publication, number of cases in each report, aetiology, clinical 
features, investigations, treatment and outcome. 

Results: In 183 publications 1331 cases were reported between January 1935 and July 2001. Most 
reports were from the Mediterranean region. The commonest causes were coitus and penile 
manipulations, especially masturbation. Most patients were in their fourth decade. Clinical features 
included sudden penile pain, detumescence, voiding difficulties, and penile swelling and deviation. 
Diagnosis was made mainly on clinical grounds. Associated injuries included urethral rupture. 
Predisposing factors included excessive force at coitus or manipulation, fibrosclerosis of the tunica 
albuginea and chronic urethritis. Most authors advocated early surgical repair using absorbable sutures. 
Complications of the injury included coitel difficulty, urethral fistula, penile plaque and erectile 


Conolusion Penile fracture is not rare. Radiological investigations are expensive and may delay 


treatment. Current management favours early surgical exploration to prevent complications. 


Paper accepted 15 January 2002 


Introduction 


Fracture of the penis, faux pas du cott, is primarily a rupture of 
the corpus cavernosum that occurs when the penis is 
erect'*, The rupture may extend to affect the corpus 
spongiosum and the urethra‘. The first documented 
report of this fracture is properly credited to an Arab 
physician, Abul Kasem, in Cordoba over 1000 years ago’, in 
spite of claims that it was first described in 1925’. The 
condition is under-reported®” and is a urological emer- 
gency™!’. Victims are often reluctant, from shame, to come 
forward for treatment’'*'* and they may be reticent in their 
history!?*'*, The condition has also been observed in 
animals'**!®, and several authors assert that penile fracture 
in humans is rare’”*, The need for diagnostic investiga- 
tions is doubtful and treatment options are controversial. A 
review of published cases of fracture of the penis in humans 
was undertaken to identify the incidence, clinical features, 
current investigations, treatment and complications of this 


embarrassing mishap. 
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Mothod 


A Medline search from January 1966 to July 2001 using the 
terms ‘fracture of penis’, ‘penile trauma’ and ‘coital injuries 
of penis’ was carried out to identify publications reporting 
cases of fracture of the penis and its complications. Full texts 
of these publications from Medline and from other medical 
literature found in libraries visited were collected, together 
with full texts of relevant references found within these 
primary sources. Data extracted from these papers for 
analysis include authors, country and year of publication, 
number of cases in each report, presenting symptoms and 
signs of fracture, age of the patients, aetiology of fracture, 
investigations, associated injuries, treatment given, and 
complications of both the injury and its treatment. 


Results 
A total of 183 publications reporting cases of penile fracture 
were retrieved and studied; they included single and multiple 
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cases. The largest s m was igs by Zargooshi and 
contained 172 cases’. All except two!*!? were retrospective 

studies and up to 1985 only 135 cases had been reported’, By 
June 1991, Mansi etal”? had identified 235 cases and 
reported an additional 14 cases of their own. Although 
Mydlo eral.’ claimed that up to 1998 only 250 cases of penile 

fracture had been reported in the English language 
literature, in the 7 years between these two studies this 
present review was able to identify 517 published cases, 
showing an apparent rising incidence worldwide. It also 
identified over 1331 cases of penile fracture that appeared in 


Table 1 Countries reporting more than ten cases of penile 
fracture 
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Fig. 1 Regional distribution of 1331 cases of penile fracture 
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the medical literature from January 1935 to July 2001. Some 
231 cases reported in the Japanese literature in 19837! anda 
further 80 cases mentioned y Porst while commenting on 
the paper by Gontero eż a/.'* were not included in this study 
because the publications were not available to the author. 
Thus about 1642 cases of penile fracture have been recorded 
from several countries (Tzble 1). Over half of the cases, 745 
(56 per cent), originated in the Mediterranean Moslem 
region, including Turkey (Fig. 1). 


Clinical features 


Patients usually presented early in the acute state. Their 
ages ranged between 12 and 82 years (Table 2), with mean 
ages mostly in the fourth decade. Presenting complaints 
included a sudden cracking sound in the erect penis 
associated with pain and sudden detumescence!??%*!. a 
few Poenis continued with intercourse after the frac- 
ture’’?°. Some described ‘a “sharp cracking noise” in the 
penis also heard by [the] wife?” or partner’*”. The noise 
has been described as resembling ‘the es of a corn 
stalk’ ” or ‘the breaking ofa pas rod” Other less common 
complaints were poor erection”®, postcoital meatal bleed- 
ing r haematuria™’, inçaparitaning erectile penile devia- 
tion”, poor urinary stream” and urinary retention??? 
Findings at presentation included penile sw elling, cede 
mosis, penile deviation and a palpable gap or depression in 
the penile shaft ®t. The ‘rolling sign’ over a pod clot 
has been found useful in identifying the fracture sitet ’**, 


‘Egg plant deformity, also called the ‘aubergine 





Asia Southern Sub-Saharan Other 
including America and Africa (n= 35) 
Japan West Indies (n= 12) 
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sign’*’, consisting of swelling, bruising and deviation of the 
penis, has been used to describe the physical appearance of a 
fractured organ. A butterfly-shaped haematoma in the 
perineum may suggest a urethral injury™’. Late presenters 
came with complications, such as erectile dysfunction 
presenting long after the predisposing trauma’°*”””, penile 
deviation” ®™? >? and plaques resembling those of Peyronie’s 
disease’**"!, Other late presenting complications were 


32,52-54 


urethrocavernous and urethrocutaneous fistula” , as 


Table 2 Number and age of patients with penile fracture (only 
those publications with complete column headings data are 
included) 





*Values are mean (range) 
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well as poor urinary stream (including urinary retention) 


P . bt) 
due to urethral stricture®**. 


Aetiology 


Fracture of the penis may occur ‘by simple mistortune or as 
a result of sexual athleticism’’’””. The injuries that fracture 
the penis are generally regarded as blunt trauma’ >, The 
commonest cause relates largely to the geographical area of 
the report (Table 3). It is vigorous vaginal intercourse???” 
in the Western hemisphere, where coitus is claimed to be 
the cause of injury in 30-50 per cent of cases”. Those from 
the Middle East'?'’-° resulted mainly from penile 
manipulations at masturbation, including kneading the 
penis to achieve detumescence. Patients have fractured the 
penis in attempts to correct a congenital chordee’’ and to 
tuck an erect penis into underwear*'”. Rare causes include 
penile venous surgery”. Fracture has also been described 
following a fall from bed in sleep when the penis was 
erect’ °°, from disentangling the organ from a garment”, 
while rolling over in bed during nocturnal tumescence!  “? 
and spontaneously while urinating’”. Reverse coitus, in 
which the woman lies on top of the man during sexual 
intercourse, has also been implicated in reports of acute 
penile injury’, and brisk rotation of the woman at coitus 
may rupture a penile vein®’. Penile fracture occurred during 
sexual intercourse in the standing position when the woman 
suddenly collapsed and fell down, causing an acute bending 
of the male organ?”’”. 

Most coital fractures involved consensual heterosexual 
vaginal intercourse but one case occurred at an attempted 
rape of a female robbery victim'*. An iatrogenic case 


Table 3 Aetiology of penile fracture (only those publications with complete aetiological data are included) 





Values in parentheses are percentages 
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resulted during rectal surgery when the patient’s penis was 
crushed between the two leaves of the operating table!?. 
Some strange causes of penile fracture include ‘banging an 
erect penis against a toilet seat’ and ‘being catapulted against 
the dashboard of a suddenly stopped automobile’, 
masturbating with the penis in the narrow neck of a cocktail 
shaker®” as well as the penis being trapped in a car door’, 
Corpus cavernosal laceration of the flaccid penis by a direct 
blow)”, from the kick of a horse’? ‚a kickat football! and by 
gunshot wounds™’* have been reported. There are no 
reports of the injury occurring from anal intercourse or 
fellatio. The influence of penovaginal disproportion has 
Wi 


been mentioned anecdotally 


Investigations 


Most authors agree that the diagnosis of penile fracture 
> ip te 7 1M > . . ’ 

is largely clinical’’:'*?°. However, several radiological 
investigations, including cavernosography’!"*, urethro- 


3 E 
3 


graphy” > °, ultrasonography~*’“~*, magnetic resonance 
aon) 80 ante nee en P eee, 
imaging ”®’, colour Doppler duplex scanning”! and angio- 
jo se : 46,47,82 

graphy“, have been carried out. U rethroscopy*°*""*" and 

- vay 18,39,83 | 4 1: 
diagnostic exploration have also been employed in 
the investigation of suspected penile fractures. 


Pathology 


A penile fracture involves disruption of the tunica albuginea 
and the enclosed corpus carvenosum, which may extend to 
the corpus spongiosum and urethra®?**, F ollowing the 
fracture, a haematoma forms which, if confined within 
Buck’s fascia, is limited to the penile shaft. When the fascia 
is disrupted, ecchymosis spreads to the scrotum, the 
perineum and the suprapubic area*’?**. Blunt trauma at 
coitus or penile manipulation may damage the erectile 
tissue of the penis without injury to the tunica albuginea”. 

Rupture of the tunica albuginea is usually unilateral and 
transverse”? 145.51 Longitudinal tears are rare®’”, 
occurring as an extension of a transverse tear’!. Bilateral 
corporal tears also occur’’””'. Rarely, both corpora 
cavernosa and the urethra may rupture simultaneously***, 
‘The fracture occurs more often in the proximal shaft! 
and is located ventrally in coital injuries’’. Fractures have 
also been reported in the distal third of the penis*”’. Of ten 


an even distribution was reported in one”. 

Associated or mimicking injuries included urethral 
rupture’** and penile vascular injury, such as rupture of 
the penile superficial dorsal vein®, deep dorsal vein? "586. 


37 3 e 
dorsal artery” and deep cavernous artery. Others are 
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Mondor’s disease (thrombosis of the superficial dorsal 

. \ 38 RR ee + RÖ OC 
vein)" and lymphangitis of the penis’? Urethral 
rupture more commonly occurs in association with a 
~ . 2,3,53 
bilateral corpus cavernosal tear than unilateral tear?353. 
up to 38 per cent of penile fractures are associated with 
Pere Ri Lake | mere eee | 
urethral rupture *”!, However, the frequency of urethral 
involvement ranges between 0 and 3 per cent in the Persian 
n E E eee Gents bak : s 
Gulfand Japan , where the main aetiology of fracture is 
non-coital penile manipulation. Rupture of the suspensory 
ligament of the penis, which results in penile disloca- 
92,93 Ae E E oe | Pa 
tion and the ‘flail’ penis*’, may occur acutely during 
coitus. 

In a recent study of six patients with coital penile 
fracture” !, fibrosclerosis of the tunica albuginea and chronic 
cell infiltrates were found in five. Periurethral inflamma- 
tion, as occurs in gonococcal urethritis, has been aetio- 

$ * í s š “6 3 3. 
logically implicated in penile fracture!* 3+", 


‘Treatment 


Treatment may be either conservative or surgical. 
Conservative measures include cold compress, anti-inflam- 
matory agents and fibrinolytics, such as streptokinase and 
trypsin L, Antimicrobial agents are recommended by 


? YF 3: . , 
some authors! 7#, Antiandrogens such as stilb- 
25,60,94 A ate, lan oe 20,26 
oestro >>" and sedatives such as diazepam?”** have 


been used to prevent erection in the convalescence period. 
Conservative management has been advocated when 
cavernosography suggests a mild laceration of the tunica 
albuginea’*”’ or an intact tunica in spite of a history 
strongly suggestive of a penile fracture”. 

Urgent surgical repair, however, first done in 1935°! and 
later recommended in 1957 by Fernstrém!’, is presently 
overwhelmingly favoured for the treatment of penile 
fracture”! 762841, Te includes evacuation of haematoma 
and ligation of vessels*"””°, debridement and suture of 
lacerations of the tunica albuginea*?*°, urethral stent- 
ing’**, end-to-end urethral anastompsis””*!, vascular 
anastomosis” and insertion of dermal grafts”? or a 
prosthesis in erectile dysfunction to restore erectile 
ability’''”*. Surgery may also be carried out for deformity 
and coital difficulty after initial healing has occurred! 
The repair has been performed under local anaesthe- 
sia’?! spinal anaesthesia?" 73! and general anaesthesia. 
Options for access to repair a penile fracture include these 
incisions: (1) degloving (also called circumcising or 
subcoronal)! 773-748, (2) direct longitudinal 20776; (3) 
inguinoscrotal®*”*; (4) high scrotal midline raphe'”'; and 
(5) suprapubic”. Closure of the tear in the tunica albuginea 
is performed longitudinally along the axis of the shaft!** 
Absorbable*??*"* and non-absorbable!73" sutures have 


been used; non-absorbable with the knot buried in the 
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Table 4 Complications of penile fracture 





tunica albuginea or corpus cavernosum has been recom- 
sA ae see 102 qr = rr 
mended for recurrent cases ~. Urethral catheters have been 
511,28 . . 
used as stents’’'**, to protect the repair by urinary 
diversion’*°"", and to avoid inadvertent injury to the 
i aN. 24,31,82 
urethra during the repair of a fracture™t D3. Some authors 
S . . ; 82775 p 
applied drainage at the site of surgery . Gentle- 
, 41.103 . , 
pressure dressings*''°* may be applied with any form of 
treatment. 


Complications 


Complications (Table 4) may occur with or without either 
form of treatment. There is an increased duration of 
hospital stay in the conservatively treated group and the 
results of delayed surgery are poorer than those of early 
operation?™®t!, Pseudo-diverticulum’® results from defi- 
cient scar formation allowing the corpus cavernosum to 
distend during erection "t. High-flow priapism manifests as 
painless persistent erection without sexual desire'’’. Penile 
refracture at coitus has been reported at 3 weeks after the 
initial injury’® and, while it is often ipsilateral?!” 
contralateral recurrence is recognized’®. Abstinence from 
coitus and penile manipulations for 6-8 weeks after a 
fracture has been recommended recur- 
meager tee. 


4 


to prevent 


Discussion 


The microarchitecture of the penis consists of a combina- 
tion of transverse collagen fibres and longitudinally 
aligned elastic fibres. The latter prevent overstretching of 
the former at erection and enable their return to the resting 
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position at detumescence''*. The tunica albuginea, tightly 
applied to the erectile corpus cavernosum, is among the 
toughest of the body’s fascias. It measures about 2 mm in 
thickness, thinning to only about 0-25 mm during erec- 
“ILS At this thinness, the tunica becomes vulnerable to 
rupture during sudden acute bending™?® such as may 
happen when the erect penis slips out of the vagina and is 
thrust against the perineum or symphysis pubis?°?°*", Tt 
may also occur during penile manipulation; in erection, the 
penis loses much of its pliability and mobility of the flaccid 
state’?**’*, ‘Erection converts the safe, flaccid penis into a 
vulnerable organ” >. Furthermore, during coitus, the dorsal 
penile vessels, engorged and interposed between the hard 
corpora cavernosa and the bony structures of the vagina, are 
prone to traumatic rupture”. 

Rupture of the tunica albuginea, and subsequently of the 


corpus cavernosum at erection, occurs when the intra- 


tion 


cavernous pressure exceeds 1500 mmHg’’. Some 
2,20,26,42 — | | f 
authors??? recommend that the term ‘fracture’ should 


be restricted to rupture of the penis when it is erect. While 
the flaccid penis is pliable, the erect penis is rigid enough 
and its tunica albuginea inelastic and thin enough to snap at 
trauma, breaking (or ‘fracturing’) the enclosed engorged 
rigid corpus cavernosum in a manner similar to the fracture 
of bone. Contrary to the suggestion that ‘fracture of the 
penis’ is a misnomer’ '*, the word ‘fracture’ is not restricted 
to bonet”. It has been advocated that penile injury from a 
sporting kick, as well as from bites of animals and humans 
resulting in laceration of the corpora in a flaccid penis, 
should not be regarded as ‘fracture of the penis’”””*, 
although the treatment is similar. Also, rupture of the 
suspensory ligament of the erect penis should not be 
regarded as fracture of the penis®’’!”* because of the 
differing clinical features and treatments of the two 
conditions. Furthermore, fracture of the penis affects the 
erectile tissues and rupture of the suspensory ligament is not 
followed by detumescence. 


Clinical features 


Believing that the presumed predisposing pathology, 
fibrosclerosis, is rare, De Rose et al.°' stated: “Therefore, 
one can understand how only small minorities of people are 
at risk of penile rupture even if the traumatic impact of the 
erect penis to the partner’s pelvis is a quite common event 
during sexual intercourse’. Despite under-reporting of 
fracture of the penis, more than 1642 cases have been 
published in the literature over a 65-year period; the 
incidence appears to be rising and the condition is certainly 
notas rare as has been claimed by some. The apparent rising 
incidence may even increase with the introduction of 
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effective treatments for erectile dysfunction, such as 
sildenafil. 

‘The clinical features of a typical penile fracture may occur 
without a true fracture when there is an intracavernous or 
extratunical haematoma without a tear in the tunica 
albuginea’’**, While some authors consider that the 
features of isolated penile vascular injury and penile fracture 
are similar'’"*!% detumescence occurs more slowly in 
vascular rupture’. Isolated urethral rupture differs from 
penile fracture by the absence of a snapping sound, penile 
deformity or palpable penile defect®’. Although urethral 
bleeding (urethrorrhagia)*®, haematuria and difficulty with 
voiding™® indicate a urethral rupture, the absence of these 
features does not exclude an associated urethral injury”, 
Furthermore, there may be no urethral rupture in spite of 
postcoital urethral bleeding™™7*, The present study 
suggests that penile fracture occurs mainly in patients 
between 30 and 40 years of age (Table 2). The preponder- 
ance of mishap in this relatively young age group may reflect 
higher frequency and greater vigour of sexual intercourse, 
Also, the pressure of tumescence in youth, perhaps aided by 
healthy vascular channels, may contribute to the vulner- 
ability of the younger penis to fracture. 


Aetiology 


Many of the reported cases of penile fracture (56 per cent) 
occurred in the Mediterranean region (including Turkey); 
this was observed by Esterlit et a/.°°. Penile manipulation, as 
in masturbation, is a major cause of fracture of the erect 
penis in this region, while vaginal intercourse is the 
commonest cause in the Western hemisphere. One might 
speculate that the difference in aetiology between these two 
regions may be explained by the strict prohibition of 
extramarital sexual intercourse in Moslem areas! t”. The 
higher incidence of penile fracture in the Mediterranean 
region may be because it takes longer to obtain orgasm by 
penile manipulation than by coitus. Alterna tively, there may 
be a much higher prevalence of sexual intercourse in the 
Mediterranean region compared with other regions. The 
preponderance of coital cases from certain countries, 
including the USA, perhaps reflects a more permissive 
cultural attitude to coitus. Occasionally, the history from 
the patient with a penile fracture may be misleading’*?’, 
The veracity of such claims as fracture from stroking the 
erect penis!?°*, spontaneously during sleep*”? or at 
micturition” ” is difficult to substantiate. 


Investigations 


Although the diagnosis of a penile fracture is largely clinical, 
cavernosography and urethrography have been strongly 


I 
Y 
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advocated by some authors. Cavernosography is easy to 
perform on the operating table, with or without anaesthe- 
42,116 ‘te : T E E E 
sia . Porst, in the commentary on the study by Gontero 
8 - ee ; 

et al.'*, recommends the procedure for evaluating patients 
presenting after 24 h of injury, in order to select con- 
servative or surgical treatment. However, cavernosography 
is an invasive procedure and is associated with complica- 
ae ate ce ORIG ce ie i ane lið 
tions such as priapism , as well as allergic reactions 

~ . - <p? 
that may lead to fibrosis of the corpus cavernosum™. 


_ Furthermore, false-negative results’’** have been encoun- 


tered and the procedure cannot identify significant trau- 
matic vascular lesions*?. 

Urethrography too has limitations and may not reveal a 
urethral rupture in spite of postcoital urethral bleed- 
ine tt Ultrasonography, also called echotomo- 
graphy~®, is the cheapest investigative procedure in penile 
fracture. However, it is difficult to interpret in the presence 
of ‘pronounced subcutaneous blood embedding and 
oedema’*’. While magnetic resonance imaging is the most 
accurate investigative procedure and may help to determine 
the need for surgical intervention, the cost is substantial and 
it imposes unnecessary delay in management", The 
efficacy of colour duplex ultrasonography” requires further 
evaluation. Angiography is indicated in the investigation of 
erectile dysfunction*®’*° but cannot be recommended in the 
acute situation of a penile fracture. Diagnostic exploration 
is warranted in appropriate clinical circumstances when 
cavernosography is negative’??? but even this may 
occasionally fail to reveal a corporal tear”ć, 


Pathology 


Rupture of the corpus cavernosum has been regarded as a 
vascular complication of sexual intercourse*® because of its 
specialized vascular anatomy. Specific arterial and venous 
lesions have been described?” which may result in erectile 
dysfunction several years after an injury OS, Post- 
traumatic penile lymphangitis and Mondor’s disease of 
the penis, both of which may be indistinguishable clinic- 
ally''’, are rare and usually appear late after an initiating 
trauma. 

With the finding of fibrosclerosis of the tunica al buginea 
as well as chronic cell infiltrates in patients with coital penile 
fractures, De Rose et af?! concluded that ‘structural 
anomalies could alter the mechanical properties of the 
tunica albuginea, representing a weakening factor of the 
corpora cavernosa and thus a predisposing factor for 
traumatic rupture of the erect penis’ from blunt trauma. 
Structural abnormalities of the tunica albuginea, as well as 
the effect of periurethral infection and fibrosis from 
gonococcal infection. may lead to some loss of its 
elasticity? t L61 predisposing to corporeal and urethral 
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rupture. While penovaginal disproportion has been implic- 
ated as a factor in coital vaginal injury’'®", its influence in 
penile fracture cannot be determined from the reports 
reviewed here. It is curious that there has been no reported 
concomitant injury in a sexual partner of a patient with a 
penile fracture. 

It may be of therapeutic use to classify penile fracture as 
‘simple’ or ‘compound’, simple fractures being those in 
which the skin and urethra are intact, while compound 
fractures are associated with urethral rupture. In bilateral 
coital cavernosal fracture associated with urethral rupture, 
the corpus spongiosum may also be ruptured to cause a 
tricorporeal fracture. The preponderance of fractures at the 
proximal shaft!” may be explained by the proximal 
location of the fulcrum of the erect penis’. The pre- 
ponderance of the lesions on the nght side is interesting, but 
cannot be explained from available data. However, coital 
posture and a postulated right-sided penile anatomical 
weakness have been suggested**. 

Urethral injury has been reported more frequently in 
association with coital fracture than from manipulation 
injury. This may be explained by postulating that more 
vigorous force is expended in coitus, compared with the 
prolonged but lesser force involved in masturbation??? 
Urethral rupture may also occur without corpus caverno- 
sum laceration?®© It is difficult to ascertain whether the 
alleged predisposition of reverse coitus to urethral lacera- 
tion?™® is related to an increased force of coitus in this 
position. However, while penile fracture from reverse 
coitus was associated with urethral rupture in some 
reports?™6>10 the urethra was unaffected in others”, 


‘Treatment 


The treatment of penile fracture has undergone an 
evolution. It used to be held that ‘conservatism is the 
watchword concerning the care of these cases”. 
Conservative treatment is now the exception rather than 
the rule, as its results are less satisfactory than those of 
emergency surgical repair. Philp and Collin’”’ simplified 
the criteria for the option of conservative treatment by 
recommending it for those without penile deformity, while 
advocating operation for those with deformity. 
Conservative treatment has also been recommended when 
the cavernosal bodies are intact, but this may be problematic 
as itis difficult to exclude cavernosal rupture completely in 
the acute penis, even with expensive and time-consuming 
radiological procedures’*°, Although several authors have 
used antibiotics empirically, uncomplicated penile fracture 
probably does not require this'**, Nevertheless, when 
the urethra is ruptured, resulting in a ‘compound?’ fracture, 
antimicrobial drugs are indicated, although wound infec- 
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tion may stull occur’ '. The use of sedatives and oestrogens to 
suppress erection during convalescence is probably un- 
necessary’’, especially as the dose required to prevent 
erection is likely to produce undesirable somnolence”. 
Furthermore, it has been suggested that, rather than 
abolish postfracture erection, its presence, while not putting 
the repair at risk of disruption, reduces the patient’s anxiety 
about impotence and may have an overall beneficial 
psychological effect’. 

Two reviews of the results of conservative versus surgical 
treatment*’*!°? indicate the general superiority of the latter. 
Operation can be done as a day case under local 
anaesthesia? with the added benefit of reduced hospital 
stay and overall cost of treatment. However, in a study by el- 
Sherif and associates’, patients treated conservatively spent 
an average of 2-3 days in hospital while those treated 
surgically spent 4.1 days. These authors explained that 
patients in the conservative group were not catheterized and 
were not taking medication that required inpatient care, but 
different endpoints were applied to the two groups. 

While venous injury has been treated successfully by 
ligation"? the treatment of arterial injury is contro- 
versial, the options being ligation®’, arterialization of the 
dorsal vem}? and microsurgical arterial anastomosis”. 
The results at present are unsatisfactory”. It has been 
suggested that weak erection after a sumple repair ofa penile 
fracture is usually due to a venous leak into the corpus 
cavernosum rather than to an arteriogenic pathology; if this 
is correct, the need for microsurgical arterial repair 1s 
obviated’®. 

The choice of access to repair a penile fracture is probably 
a matter of custom or preference. A degloving incision 
allows excellent exposure of the three corpora? ®!*? but may 
be complicated by abscess and skin necrosis*®”°, A direct 
longitudinal incision over the presumed site of fracture is 
simple, but may be associated with poor cosmesis’®, 
Inguinoscrotal incision has been advocated for proximal 
fracture and for those occasions when penile oedema is 
marked enough to threaten skin viability’*; it avoids the 
lymphoedema that often complicates a degloving incision 
but wound infection may result in an ugly scar as well as 
penile angulation. In addition, urethral repair is difficult 
using this access. A high scrotal midline raphe incision 
avoids the excessive dissection of the degloving incision and 
gives good cosmesis. It can also be a route for a proximal 
degloving procedure’®’, A suprapubic incision? gives 
access to the three corporeal bodies and is useful for penile 
vascular surgery. The multiplicity of access options for the 
repair of penile fracture suggests that none is ideal for all 
situations. 

In view of the high incidence of urethral laceration 
associated with bilateral corporeal ventral penile fracture, 
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Fergany etal.” advocate exploration of the corpus spongio- 
sum in this situation. They also suggest exploration of the 
other corpus cavernosum when one is fractured and the 
urethra is simultaneously ruptured. While a laceration in 
the tunica albuginea is usually sutured longitudinally in the 
axis of the penile shaft, closure should be carried out 
transversely if narrowing will result from a longitudinal 
closure! The need for catheterization should be 
cautiously appraised to reduce the risk of infection and 
further trauma to the urethra'. The same caution should be 
applied to the use of drains. Dressings applied in any form of 
treatment of a penile fracture shoal be loose, exposing the 
glans, in order to avoid or detect ischaemia early on?!) 

The integrity of a surgical repair as well as the state of the 
other corpora can be assessed on the operating table by 
intracavernous injection of isotonic saline to produce 
artificial tumescence™™ t, 


Complications 


Complications of penile fracture (Table 4) occur in both 
conservatively treated and operated patients, but they are 
commoner in the former. Still, a recent report of five e young 
men clinically suspected of having a penile fracture who 
refused diagnostic investigation and surgical treatment 
socumented no significant complication after a 12-month 
follow-up'”. Some complications of penile fracture, such as 
penile deviation due to fibrosis at the site of trauma’, 
penile pain at intercourse**, painful erection’?’*° and 
erectile dysfunction?®*’, are also cardinal features of 
Peyronie’s disease. This may lend credence T the trauma 
theory of the aetiology of Peyronie’s disease? ?*. It has been 
suggested by some that the fibrous plaque that occasionally 
occurs at the site of the laceration of the corpus cavernosum 
causing penile deviation’**” should not be confused with 
Peyronie’s disease, which is postulated to be a systemic 
desmoplastic condition’. 

Vascular injury may present late with erectile dysfunc- 
tion, by which time any treatment tends to yield poor 
results” . In addition to abscess complicating a fractured 
penis” 740 , the necrosis that occurs in some conservatively 
managed cases? 76109 jg probably a feature of Fournier’s 
gangrene. 


Prevention 


Prevention of penile fracture requires knowledge of the 
predisposing factors. While no controlled study has been 
done, suggested predisposing factors amenable to preven- 
tive measures include vigorous sexual intercourse, forceful 
penile manipulations, and unusual coital positions and 
postures, such as reverse coitus. The recommendation of 
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the use of non-absorbable suture materials to repair 
recurrent penile fracture!” suggests that such suture 
should also be used in the initial primary repair! although 
residual postoperative fibrosis may be associated with its 


3 ~ g? 
use’'. Spongiocavernous fistula? 


may be avoided by 
separating the spongiosum from the cavernosum during 
repair. Although several authors advocate abstinence from 
coitus and penile manipulation for 6-8 weeks after an 
episode of penile fracture to prevent refracture, Uygur 
etal”? reported no recurrence after up to 13 years’ follow- 
up in 32 patients, some of who resumed sexual activity 
within 2 weeks of treatment. Also, abstinence would not 
prevent penile fracture that occurs during unconscious 
nocturnal tumescence. 


Conclusion 


Fracture of the penis is under-reported by patients and 
clinicians” and, apart from one report’ ’, it is invariably 

claimed to be rare. This situation may reflect a sociocultura! 
inhibition in patients and/or apathy in clinicians. Some of 
the less severe injuries may be responsible for late 
presentation with penile deviation due to fibrosis at the 
trauma site. Coitus and penile manipulations are the 
commonest causes of penile fracture. While the condi- 
tion can be diagnosed clinically without radiological 
investigation, associated injuries, especially vascular ones, 
require careful consideration and appropriate radiological! 
assessment. The modern consensus overwhelmingly 
favours early operation rather than conservative manage- 

ment. Abstinence from coitus and from penile manipulation 
remains the only reliable means of prevention of these 
injuries, but this is hardly a pragmatic proposition. 
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Background: Multiple organ dysfunction syndrome secondary to systemic leucocyte activation is the 


major cause of death following an attack of acute pancreatitis. Although plasma levels of interleukin (IL) 


8 are known to be raised in acute pancreatitis, levels of other CXC chemokines such as growth-related 
oncogene (GRO) a and epithelial neutrophil-activating protein (ENA) 78. which are also potent 


neutrophil chemoattractants and activators, have not been measured. 


Methods: Timed plasma samples were obtained from 51 patients with acute pancreatitis, 27 with a 


severe attack and 24 with mild disease according to the Atlanta classification. Samples were analysed to 
determine levels of C-reactive protein (CRP), IL-8, GRO-o and ENA-78. 
Results: Plasma levels of IL-8, GRO-a and ENA-78 were increased in patients with severe as opposed 


to mild acute pancreatitis as early as 24h following disease onset. Using cut-off levels of 7 pg/ml for 
IL-8, 70 pg/ml for GRO-a and 930 pg/ml for ENA-78, peak levels within the first 24 h of admission had 
an accuracy of 81, 71 and 87 per cent respectively in predicting the severity of an attack of acute 


pancreatitis. 


Conclusion: In patients with severe acute pancreatitis plasma levels of GRO-o and ENA-78 were raised 
in addition to those of IL-8, suggesting that all three chemokines are involved in the inflammatory 


response in this condition, 
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introduction 


Acute pancreatitis is common; the incidence in the UK 
is about 40 cases per 100.000 population, and is 
increasing’. In the majority of patients the condition is 
mild, but about 25 per cent of patients suffer a severe 
attack and up to half of these will die’. Most deaths 
occur during the first week’ and are secondary to a 
systemic inflammatory response syndrome 
(SIRS) with consequent multiple organ dysfunction 
syndrome (MODS). Activated leucocytes, particularly 
neutrophils, within the circulation and in organs such 
as the lung mediate organ damage*”. 

Leucocyte activation and migration into tissue is a 
highly regulated process®. Chemokines (chemotactic 


massive 
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cytokines) are a family of small inducible cytokines 
(8-12 kDa) that function as effector molecules in 
directing leucocyte trafficking in the initial stages of 
inflammation’. They can be broadly subdivided on a 
structural basis into the CXC subfamily, in which the 


first two of four conserved cysteine residues are 
separated by another amino acid, and the CC 


subfamily, in which the first two cysteine residues are 
adjacent. CXC chemokines can be further subdivided 
into two groups, those containing the conserved amino 
acid sequence glutamic acid—leucine-arginine (ELR) 
immediately preceding the first cysteine residue at the 
N-terminus and those lacking this motif. The structural 
classification of the chemokines also determines their 
biological activity. CXC chemokines possessing the 
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ELR motif include growth-related oncogene (GRO) a, 
epithelial neutrophil-activating protein (ENA) 78 and 
interleukin (IL) 8, and all are potent neutrophil 
chemoattractants and activators; those lacking the 
motif have little, if any, neutrophil-activating activity’. 

Interaction of CXC chemokines with neutrophils occurs 
through two main cell surface receptors: CXC receptor 1, 
which binds IL-8 only, and CXC receptor 2, which binds 
GRO-a and ENA-78 in addition to IL-8°. The functional 
consequences of the different receptor binding profile are 
not yet clear, although the CXC receptor 2 may be 
downregulated in severe sepsis’. ENA-78!° and 
GRO-a"", like IL-8, induce neutrophil chemotaxis, degra- 
nulation and an increase in intracellular calcium concentra- 
tion. 

IL-8 is the best characterized of the ELR-positive CXC 
chemokines and 1s implicated in the regulation of neutro- 
phil migration and activation in many different inflamma- 
tory diseases’. Plasma levels of IL-8 are raised in patients 
who suffer a severe attack of acute pancreatitis'?-"°, GRO-o 
and ENA-78 levels are increased in bronchial lavage fluid 
from patients with adult respiratory distress syndrome and 
in urine from patients with urogenital sepsis", while 
ENA-78 levels are raised in synovial fluid taken from 
patients with rheumatoid arthritis*®. Studies addressing the 
role of either GRO-o or ENA-78 in acute pancreatitis are 
lacking. 


Patients and methods 


Study design 

Fifty-one patients with an attack of acute pancreatitis 
who presented to the Royal Liverpool University 
Hospital between March 1997 and March 1999 were 
recruited within 48h of hospital admission. Acute 
pancreatitis was defined as acute abdominal pain with 
a typical clinical picture and a serum amylase level of 
at least three times the upper limit of normal. The 
time of onset of symptoms was recorded at recruit- 
ment. The Glasgow score’! was determined 48 h after 
admission and the Acute Physiology And Chronic 
Health Evaluanon (APACHE) I score”? at the time 
of recruitment. A severe attack was defined as the 
development of local or systemic complications accord- 
ing to the Atlanta classification’’. Patients with a 
history of acute pancreatitis within 6 weeks of the 
current admission, pre-existing chronic pancreatitis or 
known neoplastic disease were excluded. Also recruited 
were a further 25 healthy volunteers to determine 
baseline plasma chemokine levels. This study was 
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approved by the local research ethics committee in 
Liverpool. 


Sample collection 


Blood was taken at the time of recruitment, 12 h later and 
daily until day 7 or discharge from hospital. Samples were 
collected ın potassium ethylenediamine tetra-acetic acid 
and centrifuged within 3 h of collection at 3000g for 15 min 
at 4°C. Plasma was then aliquoted and stored at—70°C for 


later analysis. 


C-reactive protein 

Plasma C-reactive protein (CRP) levels were measured by 
an immunoturbidimetric assay (Boehringer Mannheim, 
Lewes, UK) using an automated analyser (Hitachi 747; 
Hitachi, Maidenhead, UK). The reference range was lower 
than 5 mg/l, with intra-assay and interassay variations of 
less than 5 per cent. 


Chemokines 


Plasma levels of IL-8, ENA-78 and GRO-o were 
determined using a sandwich enzyme-linked immuno- 
sorbent assay. Matched antibody pairs and recombinant 
protein, i.e monoclonal antichemokine antibodies, 
biotinylated monoclonal antichemokine anubodies and 
recombinant proteins, were purchased from R & D 
Systems (Abingdon, UK). 

Immulon I microtitre plates (Dynex Technology, 
Ashford, UK) were coated with purified antichemokine 
capture antibody in disodium phosphate 0-1 mol/l (pH 9-0) 
and incubated for 16 h at 4°C. Plates were washed with 
phosphate-buffered saline (PBS)/Tween-20 (pH 7-0). 
Non-specific binding was blocked by addition of PBS 
containing 5 per cent bovine serum albumin (BSA) for 
30 min and the plates were washed again. Standard 
recombinant chemokines in the range 0-2000 pg/ml and 
plasma samples were diluted in PBS containing 5 per cent 
BSA and 0-05 per cent Tween-20, then added to wells and 
incubated for 2 h at room temperature. The plates were 
washed before the addition of biotinylated antichemokine 
detection antibody and incubated at room temperature for 
l h. After washing, a solution contaming horseradish 
peroxidase avidin-D 5 mg/ml (Vector Laboratories, 
Peterborough, UK) in PBS, 5 per cent BSA and 0-05 per 
cent Tween-20 was added and incubated for 30 min atroom 
temperature. Finally, plates were washed before the 
addition of the substrate 3,3’,5,5’-tetramethylbenzidine. 
Colour development was monitored at 450 nm with a 
spectrophotometer (Anthos Reader 2001; Anthos Labtec 
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Instruments, Salzburg, Austria). The reaction was stopped 
with sulphuric acid 0-18 moll and optical density was 
measured at 450/690 nm. Plasma chemokine levels were 
then derived from the linear region of the standard curve. 


The intra-assay variation was less than 5 per cent in assays 


Table 1 Characteristics of patients with acute pancreatitis and 


normal controls 





“Values are median (range). *At recruitment; $48 h after admission to 
hospital. APACHE, Acute Physiology And Chronic Health Evaluation. 
$P < 0-01 versus mild acute pancreatitis (Mann—W hitney U test) 


Table 2 Peak plasma levels of C-reactive protein, interleukin 8, 


M. Bhatia, S. Christmas, R. Sutton, J. P. Necptolemos and J. Slavin 


for all three chemokines. Assays were performed over 
18 months beginning in October 1998. At the beginning of 
this interval spiked plasma samples were aliquoted and 
stored at ~70°C. These aliquots were included in each 
assay. The interassay variation calculated using these 
samples was 11 per cent for IL-8, 6 per cent for ENA-78 
and 6 per cent for GRO-«. 


Statistical analysis 


Results in the text are presented as median (range). The 
Kruskal-Wallis and Mann-Whitney U tests were used for 
comparisons. Receiver—operator characteristic analysis was 
used to choose the best cut-off values for diagnostic indices 
using peak plasma levels 48 h after hospital admission. The 
sensitivity, specificity, positive predictive value, negative 

predictive value and accuracy for predicting severe pan- 
creatitis were then c 
Significance was set at P < 0.05, 


calculated at the various timepoints”. 


Results 


Twenty-seven patients suffered a severe and 24a mild attack 
of acute pancreatitis (Table 1). The complications that 


growth-related oncogene @ and epithelial neutrophil- -activating 


protein 78 24 and 48 h after symptom onset, and 24 and 48 h after hospital admission, for the prediction of severity in acute 


pancreatitis 





Values are median (range). CRP, C-reactive protein; IL, interleukin; G RO, growth-related oncogene; ENA, epithelial neutrophil-activating protein; 


PPV, positive predictive value; NPV, negative predictive value. *P < 0. 05, +P 
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occurred in the 27 patients with a severe attack were 
circulatory failure in ten, metabolic failure in 20, renal 
failure in three, respiratory failure in 18, necrosis in six, 
pseudocyst formation in three and abscess in one. Eight 
patients died a median of 13 (range 5-14) days after 
symptom onset. The aetiology, APACHE II scores at 
recruitment and Glasgow scores 48 h after admission are 
shown in Table 1. 

The plasma levels of CRP, IL-8, GRO-o and ENA-78 in 
mild and severe acute pancreatitis are shown ın Fig. 1 and 
Table 2. Plasma levels of CRP increased with time in both 
the mild and severe groups compared with those in normal 
healthy individuals, but were significantly greater in the 
severe pancreatitis group (Fig. 1a). CRP levels in patients 
with severe pancreatitis reached a peak at 3 days after onset 
of symptoms and then slowly decreased. 

Plasma IL-8 levels were significantly raised in patients 
with severe acute pancreatitis from 24h after symptom 
onset and remained high for 7 days after symptom onset 
(Fig. 1b). There was no difference in the plasma levels of 
IL-8 in patients with mild pancreatitis compared with 
those in healthy normal individuals (median 0 (range 0- 
157) pg/ml). 

The plasma levels of both GRO-o (Fig. Ic) and ENA-78 
(Fig. 1d) were raised 24 h after the onset of severe acute 
pancreatitis. The plasma levels of GRO-a in patients with a 
mild attack of acute pancreatitis were not significantly 
different from those in normal healthy individuals (median 
O (range 0-235) pg/ml). The levels of ENA-78 were 
significantly higher in patients with mild acute pancreatitis 
on days 2, 3 and 4 after the onset of symptoms than those in 
normal healthy individuals (median 148 (range 0-698) pg/ 
mi). Median peak levels of CRP, IL-8, GRO-a and ENA-78 
within the first 48 h of hospital admission were higher in 
patients who died than ın those with severe disease who 
sutvived. None of these differences, however, reached 
statistical significance (data not shown). 

The sensitivity, specificity, positrve and negative pre- 
dictive values and accuracy for the peak plasma levels of 
CRP, IL-8, GRO-a and ENA-78, 24 and 48 h following 
symptom onset, and 24 and 48 h following admission to 
hospital, are also shown in Table 2. Levels of all four 
inflammatory mediators were significantly increased in 
patients with severe compared with mild acute pancreatitis. 
Peak CRP within the first 24h after admission had a 
low sensitivity (35 per cent) and accuracy (65 per cent) 
for the prediction of severe disease. In contrast, during the 
first 24 h after admission peak levels of IL-8 (accuracy 81 
per cent), GRO-a (accuracy 71 per cent) and ENA-78 
(accuracy 87 per cent) were better predictors of disease 


severity. 
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Discussion 


This study confirmed that plasma levels of IL-8 were raised 
following a severe attack of pancreatitis'?~!° and showed in 
addition that levels of GRO-a and ENA-78 were also 
increased. In patients with mild pancreatitis plasma levels of 
ENA-78 were raised but those of IL-8 and GRO-o were 
not. 

Levels of all three chemokines were raised within the first 
24 h after admission to hospital. Levels of IL-8 and GRO-o 
remained high for longer than those of ENA-78, which fell 
rapidty towards normal by the fourth day after symptom 
onset. Plasma levels of IL-8 have previously been shown in 
some'*!*, but not all!®, studies to peak at or soon after 
hospital admission, and to be a valuable early predictor of 
disease severity'*. The results presented here suggest that 
ENA-78 was comparable to IL-8 as a predictor of severe 
disease during the first 24 h following admission to hospital. 

The results of this study were expressed in terms of time 
from symptom onset, as this allowed a more accurate 
appreciation of temporal changes in cytokine levels and 
provided a standard for comparison between different 
series’*. In this study the levels of GRO-a and ENA-78 as 
well as those of IL-8 were close to their peak 24 h following 
symptom onset, suggesting that they are all early mediators 
of the systemic inflammatory response in acute pancreatitis. 
In contrast, CRP plasma levels did not peak until 72-96 h 
following symptom onset. This is in keeping with previous 
studies!™!%26 and helps to explain why CRP is accurate as a 
predictor of disease severity only at 48h after hospital 
admission”’*’. CRP measurement remains, however, an 
important standard biochemical test for the prediction of 
disease severity in acute pancreatitis because of its wide 
availability. 

Levels of other inflammatory mediators including IL-10, 
the IL-1B receptor antagonist, procalcitonin and IL-6 are 
increased following an attack of acute pancreatitis and are 
each an accurate early predictor of the severity of an attack’. 
Raised systemic levels of these mediators reflect the 
magnitude of the inflammatory response, which in tarn 
determines the severity of an attack. Whether the measure- 
ment of a single early inflammatory mediator could form 
the basis for a routine clinical test to detect at admission 
patients likely to suffer a severe attack is unclear, although 
IL-6 is the most studied candidate”®. 

Neutrophils are thought to play a critical role in local and 
distant organ damage in acute pancreatitis since depletion 
of circulating neutrophils reduces both the severity of 
pancreatitis and the associated lung damage*”*®. 
Neutrophil activation and migration into tissues is tightly 
regulated*’, and chemokines are now thought to play a key 
role. Pancreatic acinar cells may themselves be the source of 
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Fig. 1 Median (interquartile range) plasma levels of a C-reactive protein (CRP), b interleukin (IL) 8, ¢ growth-related oncogene 
(GRO) o and d epithelial neutrophil-activating protein (ENA) 78 on days | to 7 after symptom onset in severe and mild acute 
pancreatitis. *P < 0-05, +P < 0.01 versus mild acute pancreatitis (Mann-Whitney U test) 
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raised systemic chemokine levels but pancreas from patients 
with early acute pancreatitis is rarely available for study and 
evidence has to be sought from experimental studies. 

IL-8 synthesis has been demonstrated in the pancreas 
of rabbits following induction of pancreatitis by bile 
salt infusion into the biliopancreatic duct?t. In rats 
there is no direct homologue of IL-8, but cytokine- 
induced neutrophil chemoattractant (CINC), a homo- 
logue of human GRO-o, appears to be the major 
ELR-positive CXC chemokine. Synthesis of CINC in 
pancreatic acinar cells of rats follows induction of 
pancreatitis with either intraperitoneal injection of 
caerulein or bile salt infusion into the biliopancreatic 
duct, raised plasma levels of CINC follow within hours 
of induction in these models**. The raised plasma CXC 
chemokine levels seen in patients with severe acute 
pancreatitis are thus likely to be due to release of 
chemokines both from infiltrating leucocytes and from 
pancreatic acinar cells, as well as systemic leucocyte 
activation. 

Raised plasma levels of all three chemokines, IL-8, GRO- 
a and ENA-78, predict severe acute pancreatitis which is 
characterized principally by distant organ injury, including 
that seen in the lungs. Further evidence that the chemokines 
are directly involved in organ damage in acute pancreatitis 
comes from experimental studies which show that treat- 
ment with the human monoclonal anti-IL-8 antibody (WS- 
4) decreases acute lung injury in a combined bile salt—duct 
ligation model of pancreatitis in rabbits’*, and systemic 
administration of an anti-CINC antibody reduces lung 
injury in caerulein-induced acute pancreatitis in rats**. 
Higher CXC chemokine levels may be associated with an 
increased magnitude of SIRS, MODS and early death. In 
the present study, levels of all three chemokines were higher 
in patients who died compared with survivors with severe 
pancreatitis, although these differences did not reach 
statistical significance. The number of patients who died 
in this study was small and so ıt is difficult to draw firm 
conclusions. 

An understanding of the mechanisms that control 
leucocyte migration and activation may help in the 
development of measures to limit the inflammatory 
response and perhaps reduce organ damage in acute 
pancreatitis. The type of chemokine receptors expressed 
on circulating leucocytes, as well as the profile of 
chemokines present at a particular tissue site of inflamma- 
tion or within the plasma, are likely to be important factors. 
How these interact and affect leucocyte activation and 
infiltration into organs in acute pancreatitis is, however, 
unclear; further work is required to characterize and 
correlate receptor expression on leucocytes with chemokine 
levels in plasma and tissues. 
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Implications of peritoneal washing cytology in patients with 
potentially resectable pancreatic cancer 
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Background: The aim of this study was to assess the implications of positive peritoneal washing 
cytology for management of patients with potentially resectable pancreatic cancer. 

Methods: Cytological examination of peritoneal washings was performed in 134 patients who 
underwent surgical resection for pancreatic adenocarcinoma. The clinicopathological findings and the 
relationship between cytology results (including cytomorphology) and survival were investigated. 
Results: One hundred and fourteen patients (85 per cent) had negative cytology results (group 1). 
Excluding one patient with atypical cells, positive cytology results were obtained in 19 patients (14 per 
cent): 16 patients without macroscopic peritoneal metastases (group 2) and three patients with minimal 
macroscopic peritoneal metastases (group 3). The patients in group 2 had significantly larger 
(P < 0-001) and more advanced (P = 0-022) tumours than those in group 1. However, there were no 
significant differences in postoperative cumulative survival rates between groups 1 and 2 (P = 0-347). 
Two patients in group 2 are long-term survivors (40 and 58 months). In cytomorphological analyses, the 


presence of clusters with ragged edges and isolated carcinoma cells can be considered to indicate a high 


risk of peritoneal recurrence. 


Conclusion: Positive cytology does not directly predict peritoneal carcinomatosis and, while associated 


with advanced disease, does not contraindicate radical surgery. 


Paper accepted 21 December 2001 


introduction 


Pancreatic carcinoma is a disease with an extremely poor 
prognosis; fewer than 20 per cent of affected patients survive 
the first year, and only 3 per cent are alive 5 years after 
diagnosis’. Currently, surgical resection offers the only 
meaningful chance of cure for selected patients with local 
disease’. 

Peritoneal washing cytology has been widely used in the 
diagnosis and staging of malignant ovarian’, endometrial’ 
and gastric neoplasms”. In patients with pancreatic cancer, 
malignant cells have been identified in washes from 7 to 30 
per cent of patients” ï, but the prognostic significance of 
these findings has not been established. Several authors’ t! 
have considered positive cytology to be an unfavourable 
prognostic factor that contraindicates further surgery. 
However, among published reports on peritoneal washing 
cytology for pancreatic cancer’, there is little informa- 
tion about patients with positive cytology but no macro- 
scopic metastases who have undergone resection. Up to the 
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present at this institution, potentially resectable pancreatic 
carcinoma has been resected irrespective of the cytology 
results when macroscopic metastases are not found at 
laparotomy. 

The purpose of this study was to determine whether 
positive cytology should contraindicate radical surgery in 
patients with potentially resectable pancreatic adenocarci- 
noma. Relationships between cytology results, including 
cytomorphology, and survival time and clinicopathological 
findings were investigated. 


Patients and methods 


Patients 


Between January 1990 and December 1999, 344 patients 
were admitted to the National Cancer Center Hospital with 
a histologically confirmed diagnosis of pancreatic adeno- 
carcinoma. Among them, 189 patients had unresectable 
disease by imaging criteria. The study population 
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comprised a consecutive series of 134 patients who under- 
went surgical resection of pancreatic adenocarcinoma and 
who had cytology samples taken. There were 81 men and 53 
women with a mean age of 62-7 (range 33-86) years, each of 
whom was followed up until death or to the present. 


Surgery 


Eighty-four tumours were located in the head of the 
pancreas, 46 in the body and/or tail and four diffusely 
involved the pancreas, The operations performed included 
pancreatoduodenectomy (63), pylorus-preserving pan- 
creatoduodenectomy (21), distal pancreatectomy (39) and 
total pancreatectomy (11), with extended dissection of 
lymph nodes’’, Histological evaluation revealed an Ro 
resection in 86 patients and an R; resection (microscopic 
residual tumour) in 48 patients. In 93 patients intraopera- 
tive radiation therapy (30 Gy of electron beam radiation 
with an energy of 9 MeV) was administered to the retro- 
peritoneal field'*. Intraoperative radiation therapy was 
restricted to patients without contraindications who were 
under the age of 75 years. Of the 48 patients who underwent 
R; resection, 12 received postoperative ad juvant mitomycin 
C or 5-fluorouracil-based chemotherapy. Sixteen patients 
received similar treatment at the time of disease recurrence. 


Peritoneal washing cytology 


Specimens for cytological examination were obtained 
before manipulation of the tumour at laparotomy. 
Normal saline solution (100 ml) was instilled into the 
pelvis with a bulb syringe. The specimens (20 ml) were 
aspirated from the cul-de-sac (pouch of Douglas) after 
abdominal agitation into a sterile tube containing sodium 
ethylenediamine tetra-acetic acid. They were first mixed 
thoroughly and then divided into six equal chambers for 
cytocentrifuge preparation. The cells were centrifuged in a 
sakura Autosmear CF-120 cytocentrifuge (Sakura Fine- 
technical, Tokyo, Japan) at 1500 r.p.m. for 70s and 
transferred to six glass microscope slides, two for 
Papanicolaou staining, one for Giemsa staining, one for 
Alcian blue staining and the remaining two for immuno- 
cytochemical staining. The diagnosis was made using a 
standard cytological technique (Papanicolaou, Giemsa and 
Alcian blue staining) on the basis of the cytomorphological 
features. Immunocytochemistry was performed to help 
establish the diagnosis with antibodies against carcinoem- 
bryonic antigen (CEA, dilution 1: 5000; Mochida 
Pharmaceutical, Tokyo, Japan)! >!t and MOC-31 (dilution 
I : 100; Dako, Glostrup, Denmark)! or Ber-EP4 (dilution 
1: 50; Dako, Positive and negative controls were 
performed on each staining run. The findings of CEA, 
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MOC-31 and Ber-EP4 reactivity were all 100 per cent 
sensitive, and 93, 91 and 100 per cent specific respectively, 


Cytomorphological examination 


Positive cytology showed a variety of morphological 
features, raising the possibility that these may be related 
to the clinical course of the disease. The number of clusters, 
their size, the presence of isolated carcinoma cells, the 
predominant contour shape of the clusters (ragged or well 
defined edges) and the presence of cytoplasmic vacuoles 
were therefore recorded. The number of clusters was 
classified as small (less than five clusters per slide), medium 
(between five and 20 clusters per slide) or large (more than 
20 clusters per slide). Size was defined as smal] (largest 
cluster consisting of fewer than 50 cells; Fig. la), medium 
(largest cluster consisting of 50-500 cells; Fig. 1b) and large 
(largest cluster consisting of more than 500 cells: Fig. 1o). 
Typical peritoneal cytology showing clusters with ragged 
edges is illustrated in Fig. 2, 


Histopathological examination 


The resected specimens were fixed in 10 per cent buffered 
formalin and cut serially into slices 3-5 mm thick. 
Histopathological examination was carried out to deter- 
mine the size and location of the tumour, histological type 
and differentiation, lymphatic invasion, venous invasion, 
intrapancreatic nerve invasion, invasion of the anterior 
pancreatic capsule (serosal invasion), retroperitoneal tissue, 
portal venous system and arterial system, and staging. The 
histological type and differentiation were determined 
according to the Classification of Pancreatic Carcinoma 
of the Japan Pancreas Society'’. The Union Internacional 
Contra la Cancrum tumour node metastasis staging 
system was applied for the pathological staging of each 
carcinoma”, 


Statistical analysis 


Data were expressed as mean(s.d.), and statistical analysis 
was performed using Student's ¢ test or x? test as 
appropriate. Survival analysis was performed by the 
Kaplan—Meier method, and survival curves were compared 
with the log rank test. 


Results 


Cytological examination of peritoneal washings showed 
malignant cells in 19 patients (14 per cent). One patient was 
diagnosed as having atypical cells, since CEA- and MOC- 
31-positive cells were present but their nuclei were small 
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with only mild atypia. Three patients with positive cytology 
had a few macroscopic peritoneal metastases. All three 
patients underwent resection of the macroscopic metastatic 
nodules and distal pancreatectomy. Thus, excluding the 
patient with atypical cells, the patients were divided into 
three groups: those with negative cytology (group 1; 114 
patients), patients with positive cytology but no macro- 
scopic peritoneal metastases (group 2; 16 patients) and 
those with positive cytology and macroscopic peritoneal 
metastases (group 3, three patients). 

In group | there were 103 tubular adenocarcinomas (33 
well differentiated, 55 moderately differentiated and 15 
poorly differentiated), five papillary adenocarcinomas, two 
mucinous carcinomas, two invasive carcinomas derived 
from intraductal papillary adenocarcinomas'”, one adeno- 
squamous carcinoma and one mucinous cystadenocarci- 
noma. Carcinomas in group 2 comprised 13 tubular 
adenocarcinomas (seven well differentiated, five moderately 
differentiated and one poorly differentiated), two invasive 
carcinomas derived from intraductal papillary adenocarci- 
nomas and one papillary adenocarcinoma. All three 
tumours in group 3 were moderately differentiated tubular 
adenocarcinomas. Tumour size (greatest dimension) in 
group 2 (6-0(2-8) cm) was significantly greater than that in 
group 1 (4-1(1-9) cm) (P < 0-001). 

Patients in group 2 had a significantly higher incidence of 
invasion of the anterior pancreatic capsule (eight of 16 versus 
11 of 114; P < 0-001) and retroperitoneal tissue (ten of 16 
versus 38 of 114; P = 0-024) than those in group 1. Eight of 
the 16 patients in group 2 were diagnosed as positive for 
invasion of the anterior pancreatic capsule. Conversely, 
among 19 patients who had histologically proven tumour 
invasion of the anterior pancreatic capsule, eight had 
positive cytology. Fourteen of 16 patients in group 2 had 
stage IV disease and the remaining two patients had stage II 
cancer. Statistical analysis showed advanced tumours to be 
more common in group 2 than group 1 (P = 0-022). 

The 1-, 3- and 5-year cumulative survival rates of all 
patients after surgery (excluding four perioperative deaths) 
were 65-5, 32-2 and 23-7 per cent respectively. Fig. 3 
illustrates the survival of patients in group 2 compared with 
those in group 1. There was no statistically significant 
difference in the postoperative cumulative survival rate 
between the two groups (P = 0.347). Two patients in group 
2 are currently long-term survivors (40 and 58 months). 





Fig. 1 Examples of cell clusters of each size in peritoneal 
washing cytology samples. a Two small clusters, b medium-sized 
cluster and c large cluster of pancreatic adenocarcinoma cells 
(Papanicolaou stain, original magnification X 400) 
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@ Medium-sized cluster 


Fig. 2 Examples of cell clusters with ragged edges. The medium-sized (a) and large (b) clusters have scalloped, knobby contours. 
Isolated carcinoma cells are becoming detached from the clusters at the edges (Papanicolaou stain, original magnification X 400 (a) and 


x 200 (b)) 


Cytological preparations of pancreatic carcinomas from 
different patients exhibited various cytomorphological 
patterns and features, but the findings reflected the 
morphology of the primary pancreatic cancer in each case. 
Tumour cells with intracytoplasmic vacuolation seen on 
peritoneal washing cytology were also encountered in 
mucin-producing adenocarcinomas. In well differentiated 
carcinomas, although the size of the cell clusters varied, 
tumour cells tended to form three-dimensional, tightly 
packed, cell clusters. In contrast, poorly differentiated 
carcinoma, or carcinomas invading the peripancreatic tissue 
in loose groupings and/or as single cells, visible at the 
advancing edge on histological sections, revealed clusters 
with ragged edges (scalloped, knobby contours) and isolated 
carcinoma cells on peritoneal washing cytology. 

All patients in group 2 showed either a small or medium 
number of clusters, although the size of the cell clusters 
varied, whereas all three patients in group 3 had a medium 
or large number of clusters. Seven of the 19 patients in 
groups 2 and 3 had clusters with ragged edges, concomit- 
antly with isolated carcinoma cells. Clusters with ragged 
edges and isolated carcinoma cells were identified in four of 
five patients who suffered disseminated peritoneal recur- 
rence after surgery in group 2. Two patients in group 3 who 
exhibited similar findings died at 3 and 7 months. 

Review of the cytomorphological findings in peritoneal 
washings from four patients who had macroscopic perito- 
neal metastases at the time of laparoscopy or laparotomy 
and did not undergo pancreatectomy revealed a large 
number of clusters, cell clusters with ragged edges and 
isolated carcinoma cells in all cases. 
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Fig. 3 Correlation of the postoperative cumulative survival rate 
with cytological findings in the peritoneal washings of patients 
without macroscopic peritoneal metastases (excluding 
perioperative deaths) 


Discussion 


It has been reported that positive peritoneal washing 
cytology in patients with pancreatic cancer correlates with 
advanced stage, early metastasis and short survival’~'”, The 
results of this study confirm that the presence of malignant 
cells in peritoneal washes is associated with advanced 
disease and a larger tumour size. Several authors’! have 
evaluated the significance of positive cytology in the 
absence of gross metastases in patients with pancreatic 
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cancer. In the report by Makary etal.”, the median survival 
time of 15 patients with positive cytology without macro- 
scopic metastases was 8-6 months (only two patients 
underwent pancreatectomy), whereas that of 30 patients 
with negative cytology was 13-5 months. Recently, 
Z’graggen etal.’ reported a high prevalence of circulating 
tumour cells in patients with cytological evidence of free 
cancer cells in the peritoneal cavity. Most studies’! 
concluded that positive cytology contraindicates further 
treatment, or at least surgery, for these patients. However, 
this conclusion may be premature since, among the entire 
series of published reports” '?, only 17 patients found to 
have positive cytology underwent potentially curative 
resection. In the present study, there was no significant 
difference in postoperative cumulative survival rates 
between patients with positive and negative cytology. 
Nakao etaJ.'* reported simular findings in 13 patients with 
positive cytology and 37 patients with negative cytology 
who had resectable cancer but no macroscopic peritoneal 
metastases. Furthermore, in the current study the majority 
of patients with positive cytology did not develop peritoneal 
carcinomatosis in the early postoperative period. 

There are reports of long-term survival (more than 
3 years) after surgery ™!?, even in the presence of positive 
cytology, as was the case with two of the present patients. 
Most of the patients in group 2 had a large but well 
differentiated and potentially resectable tumour, which may 
indicate an exceptional, and relatively favourable, form of 
pancreatic cancer. The results do not point to cytological 
findings as an independent risk factor for survival, and a 
positive result did not appear to signify non-resectability. It 
is therefore the authors’ view that when a pancreatic lesion is 
localized or macroscopically resectable without evidence of 
distant metastasis, it should be resected, even if peritoneal 
washing cytology is positive, as curative resection may offer 
the best chance for long-term survival in these patients. 

It has been reported that in gastric and colorectal cancer, 
even at stage I when direct tumour access can be excluded 
completely, approximately 22 and 30 per cent of patients 
respectively have circulating tumour cells within the 
peritoneal cavity’’. This observation is in line with the 
current findings for pancreatic cancer. Although the 
majority of intraperitoneal free cancer cells are presumed 
to be released from areas of pancreatic serosal invasion, 
some may reach the peritoneum via lymphatic channels as 
occurs in gastric cancer??. 

Not all cancer cells present in the peritoneal cavity 
generate peritoneal metastatic lesions*’. Many factors, such 
as the number and viability of the cells, influence the 
potential for forming metastases. The present study 
suggests that positive cytology and peritoneal carcinoma- 
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tosis are not always concurrent in patients with pancreatic 
cancer. 

The relationship between the cytomorphological fea- 
tures of patients with positive cytology and the histology of 
resected specimens was investigated; the number of clusters, 
the presence of isolated carcinoma cells and the contour 
shape of clusters (ragged or well defined edges) were 
important. When the number of intraperitoneal free cancer 
cells is large, the chance of successful implantation might be 
expected to increase. Although the cytomorphological 
appearance of clusters might be partly an artificial 
phenomenon due to centrifugation, it seems likely that 
peritoneal washing cytology findings faithfully mirror the 
morphology of the primary pancreatic cancer. The ragged 
edges of clusters indicate a tendency for cells to separate and 
a close association with isolated carcinoma cells**. These 
cytological features probably imply poor cohesion among 
the cells, linked to dysfunction of cell-cell adhesion, for 
example alteration of E-cadherin?*** and associated 
cytoplasmic proteins, o.-, B- and ¥-catenins”’. Such dysfunc- 
tion may not only correlate with poor differentiation but 
also increased invasiveness??? 

In conclusion, positive entone cytology is associated 
with advanced disease in patients with pancreatic cancer but 
does not always contraindicate radical surgery. Cytological 
findings of clusters of cells with ragged edges and isolated 
carcinoma cells may indicate a high risk for intra-abdominal 
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Backgrounds Combined liver resection and local ablation may offer the only chance of cure to patients 
with liver metastases who are presently deemed unresectable because of a single awkwardly placed 
metastasis. By definition, such a metastasis is often close to a major vein. An ablative technique is 
needed that is both predictable and safe in such a circumstance. 

Methods: Electrolytic liver lesions were created in 21 pigs using platinum electrodes, connected to a 
direct current generator. Both electrolytic ‘dose’ and electrode separation were varied to produce 
different sized lesions. ‘The ‘dose’ was correlated with the volume of necrosis and any vascular damage 
Reeulte: There was a significant (P < 0-001) correlation between the electrolytic ‘dose’ and the 
volume of liver necrosis. For a given ‘dose’ the volume of necrosis was less when the electrodes were 
together, rather than separated. Liver enrymes were only transiently deranged. There were no 
significant vascular injuries. 

Conctusions Predictable and reproducible necrosis is produced by electrolysis in the pig liver. The 


treatment appears to cause little or no damage to immediately adjacent liver or major vascular 
structures and, when combined with resection, may offer the chance of a cure to many patients who are 


currently unresectable. 
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Introduction 


Surgical resection remains the only potentially curative 
treatment for patients with colorectal liver metastases. 
Without treatment the prognosis is poor’, with a median 
survival of 6 months*”. Only approximately 20 per cent of 
such patients are suitable for liver resection for a variety of 
reasons’. Patients are often deemed unresectable because of 
one or two metastases that are awkwardly placed close to a 
major vein. If such a lesion could be treated with local 
ablation, the patient may then become resectable and 
potentially curable. 

Several methods of local ablation have been reported, 
including radiofrequency ablation™*, cryotherapy’, inter- 
stitial laser therapy®, microwave hyperthermia’ and direct 
injection of toxic agents such as alcohol’, acetic acid'’ and 
hot saline!*, The majority of these methods use extremes of 
temperature to cause tumour necrosis. However, all 
thermal methods of ablation are limited in their use close 
to major intrahepatic veins because of a combination of the 
‘heat-sink’ effect!?+!* and direct damage to the vein. In the 
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‘heat-sink’ phenomenon, the thermal insult is reduced close 
to major vascular structures owing to the effect of local 
blood flow. As a result, if a tumour is adjacent to a major 
vein, a cuff of viable tumour may be left untreated around 
the vessel'°, Conversely, the thermal insult may actually 
cause a direct ‘burn’ to the vessel. Indeed with cryotherapy, 
cracks may form in the ice-ball during freezing. As thawing 
begins, any involved hepatic veins may then bleed, causing 
potentially fatal haemorrhage’®’’. Cryotherapy is also 
associated with the ‘cryoshock’ phenomenon in which 
patients develop a systemic inflammatory response to the 
products of cell necrosis. Patients have died as a direct result 
of this phenomenon!*!*, Additionally it has been shown 
that radiofrequency ablation may achieve incomplete 
tumour necrosis within the treated area??? 

Clearly, if a locally ablative treatment is to be used as an 
adjunct to surgical resection, it is crucial that it 1s: (1) 
predictable in effect; (2) safe and effective close to major veins; 
and (3) achieves complete necrosis of the treated tumour. 

Electrolytic ablation was first described by 
Nordenstrom??? for the treatment of lung tumours. 
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However it was not until recently that this method was 
applied to the local ablation of liver tumours”*. Rather than 
relying on a rapid ‘burn’, electrolysis causes cell death by a 
more subtle, yet equally effective, chemical action. 
Platinum electrodes are inserted into the tumour and a 
small direct electrical current is passed between them, 
thereby polarizing the electrodes. As a result, negatively 
charged ions are attracted to the anode and positively 
charged ions to the cathode, resulting in a change in 
intracellular pH of the tissues surrounding the electrode 
tips. Additionally, cytotoxic gases (such as chlorine) are 
liberated into the tumours and necrosis results from a 
combination of these two effects; importantly, there is no 
heating effect. 

Previous studies?™*?ć have shown that electrolysis is a safe, 
predictable, reproducible and controlled method for 
producing spherical areas of hepatic necrosis in the rat. 
Colorectal liver metastases were also ablated using this 
technique in a rat model”. Importantly, more recently it has 
been shown that electrolytic treatment caused little or no 
damage to hepatic veins when the electrode catheters were 
placed either directly adjacent to or within the lumen of the 
vein”. In this study of six pigs, only one animal developed 
thrombosis of the hepatic vein and there was no evidence of 
endothelial damage in any of the animals, even though the 
necrotic lesion directly abutted the vein wall. 

Because of this lack of vascular damage, electrolysis 
would appear to be ideally suited to the treatment of 
perivascular liver metastases. However, before treating 
patients it is essential that the extent of the necrosis can be 
predicted accurately by the electrolytic ‘dose’ given using 
data generated from a large animal model with a liver of 
similar physical size to that of the human. This study 
examined the effects of varying both the electrolytic ‘dose’ 
and electrode separation on the volume of the resultant 
electrolytic lesion(s) in normal pig liver and any associated 
vascular damage. 


Materials and methods 


Twenty-one female Domestic White pigs (24-33 kg) were 
used. All animals were anaesthetized in the same way; the 
pigs were sedated with a deep intramuscular injection of 
ketamine 20 mg/kg and xylazine 1-5 mg/kg. Anaesthesia 
was maintained using a laryngeal mask airway with 1-5 per 
cent halothane in 100 per cent oxygen. The oxygen 
saturation, pulse rate and end-tidal carbon dioxide were 
monitored throughout the procedure. Each animal under- 
went electrolysis with electrodes ‘together’ (12 mm separa- 
tion) and ‘separated’ (200 mm separation). 

During the early part of the study, intraoperative 
ultrasonography was used in an attempt to monitor the 
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evolution of the electrolytic lesions. However, this was 
abandoned as the production of gaseous electrode 
products produced a ‘snowstorm’ effect, making images 
uninterpretable. 


Electrodes together (12 mm) 


The liver was exposed through an upper midline incision. A 
single 6-Fr (2 mm) electrode catheter (Johnson & Johnson 
Medical, North Ryde, New South Wales, Australia) (Fig. 1) 
was inserted centrally into the dome of the left lobe to a 
depth of 30 mm, such that the electrodes were in close 
proximity to the left hepatic vein. The tip electrode (anode) 
and the middle of the three proximal electrodes (cathode) 
were connected to the direct current (DC) generator 
(Bioengineering, Transducers and Signal Processing 
Research Group, University of Leicester, Leicester, UK), 
giving an electrode separation of 12 mm. The unused 
electrodes were electrically isolated. The electrolytic ‘dose’ 
(25-300 coulombs (C), delivered at 30-80 mA) was then 
given. Depending on the ‘dose’ delivered, treatment time 
varied from 8 to 100 min. At the end of treatment, the 
electrode catheter was removed. The resulting ‘composite’ 
lesion consisted of two distinct but overlapping anode and 
cathode lesions. 


Electrodes separated (200 mm separation) 


Using the same animal, two separate electrode catheters 
were inserted adjacent to major veins; the anode was 
inserted centrally in the right lobe and the cathode was 
inserted centrally in the left lobe, giving an electrode 
separation of 200 mm. The tip electrodes of each catheter 
were connected to the DC generator and the same 
electrolytic ‘dose’ was delivered. After treatment the 
electrodes were removed. 





Fig. 1 A 6-Fr (2 mm) platinum electrode catheter. The tip 
electrodes of two catheters were used when the electrodes were 
separated. The tip and middle electrodes of a single catheter 
were used when the electrodes were placed together 
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Analysis 


All animals were killed 72 h after treatment by lethal 
injection. 

Blood samples were obtained before operation, 24 h after 
treatment and at the time of death. Serum measurements of 
aspartate aminotransferase (AST), alanine aminotransfer- 
ase (ALT), alkaline phosphatase (ALP), y-glutamyltrans- 
peptidase (yYGT) and bilirubin were made on each sample 
(Technicon Axon analyser; Bayer Health Care, Pymble, 
New South Wales, Australia). At autopsy, the liver was 
removed, and the electrolytic lesions were excised en bloc and 
fixed in 10 per cent formalin. 

After 2 weeks’ fixation, each electrolytic lesion was cut 
into 1-mm sections in its entirety (Fig. 2). Sections were 
then measured blindly by two separate investigators. For 
each lesion, the three maximum diameters at right angles to 
each other were measured and recorded. The mean of the 
observer’s measurements for the three diameters was 
calculated. The volume of each lesion was then calculated. 

Each electrolytic lesion was processed, embedded in 
paraffin, sectioned and stained using haematoxylin and 
eosin. Coded sections were examined by a hepatopatholo- 
gist to determine both the extent of necrosis and any 
associated vascular or biliary damage. 

Results were analysed statistically using the paired f test 
and regression analysis. 


Results 


No animal died as a result of electrolysis or had to be killed 
prematurely. Treatment was uneventful and all animals 
made a rapid and full postoperative recovery. 
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Fig. 2 Section (1 mm) of an electrolytic lesion created at the 


anode using 200 E 
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Electrodes together (12 mm separation) 


The volume of necrosis increased with the electrolytic 
‘dose’. There was a significant correlation between the 
volume of the electrolytic lesion and the ‘dose’ delivered 
(7° = 0-64, P < 0-001) (Fig. 3). The relationship was linear, 
although with doses greater than 75 C, the variability in the 
volume of the lesion increased. The rate at which the 
treatment was given (milliamperes) had no significant effect 
on this relationship. At the maximal ‘dose’ of 300 C, lesions 
of 2-05 cm in diameter were created. 


Electrodes separated (200 mm separation) 


Anode lestons 


There was a significant correlation between the volume of 
the electrolytic lesion and the ‘dose’ delivered (7° = 0-91, 
P < 0-001) (Fig. 4). The rate at which the treatment was 
given again had no significant effect on this relationship. 


Cathode lesions 

As with the anode lesions there was a significant (77 = 0-73, 
P < 0-001) correlation between the volume of the electro- 
lytic lesion and the ‘dose’ delivered (Fig. 4). The rate at 
which the treatment was given had no significant effect on 
this relationship. At the maximal ‘dose’ of 300 C lesions of 
2.75 cm were created. 


Comparison of electrode arrangements 


Fig. 5 shows the mean volume of necrosis per coulomb 
delivered with the electrodes together or separated. For a 
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Lesion volume (cm) 





0 100 200 300 
Electrolytic ‘dose’ (C) 


Fig. 3 Correlation between the volume of the composite lesion 


and the electrolytic ‘dose’ delivered (° = 0.636, P < 0-001) 
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Anode lesion 





Owe Cathode lesion 


Lesion volume (cm*) 


0 100 200 300 
Electrolytic ‘dose’ (C) 


Fig. 4 Correlation between the volume of necrosis and the 
electrolytic ‘dose’ delivered for both anode (* = 0-91, P < 0. 001) 
and cathode 0° = 0-73, P < 0- O01) 
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Electrolytic ‘dose’ (C) 


Fig. 5 Mean volume of necrosis with the electrodes together or 
separated 


given ‘dose’, the volume of necrosis produced was greater 
when the electrodes were separated; this disparity increased 
with higher doses. 


Liver enzymes 


Levels of liver enzymes (AST, ALT and YGT) were 
significantly raised 1 day after treatment (P < 0-001 for 


British Journal of Surgery 2002, 89, 979-585 www.bjs.co.uk 





Liver enzymes (units/) 





Before operation Day 1 Death 
Electrolytic ‘dose’ (C) 


Fig. 6 Change in liver enzyme levels after electrolysis. ALT, 
alanine aminotransferase; yGT, y-glutamyltranspeptidase; AST, 
aspartate aminotransferase, *P < 0-001 (AST; before operation to 
day 1; paired ¢ test) 


AST) (Fig. 6). The initial increase in AST was significantly 
correlated with both the volume of the anode lesions 
G? = 0-54, P < 0-001) and the total volume of liver necrosis 
0° = 0-38, P < 0-01). Similarly, the initial increase in ALT 
was significantly correlated with both the volume of the 
anode lesions (7 = 0-45, P < 0-001) and the total volume of 
liver necrosis (^ = 0.26, P < 0-05). There was no correla- 
tion between either the cathode or composite (electrodes 
together) lesions and the increase in liver enzyme levels. At 
the time of death the liver enzymes had returned to norma! 
apart from the AST level which remained significantly 
raised (P < 0.05), 


c 


Histopathology 


Histological examination confirmed the macroscopic 
observation that the size of the electrolytic lesion increased 
with the dose delivered. Each lesion consisted of a central 
zone of coagulative necrosis around the site of the electrode 
tip. No viable tissue was seen within the electrolytic lesions. 
The necrotic tissue was sharply demarcated from the 
surrounding liver tissue, which was histologically normal 
(Fig. 7). 
Small blood vessels (less than 1 mm) were thrombosed in 
a narrow rim (0-5-1-0 mm) of normal liver surrounding 
each lesion. Only one major vein was thrombosed. In all 
other specimens, veins directly adjacent to electrolytic 
lesions were undamaged (Fig. 8) and there were no major 
bile duct injuries. 


Discussion 
: . a : * IG N, 
Previous studies in both small and large animal models? 6?” 


have demonstrated that electrolytic lesions in the liver heal 
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Fig. 7 Histological appearances. There is a circular area of tissue 
destruction at the site of the electrode tip (T) surrounded by a 
circular zone of coagulative necrosis (CN), with sharply 
demarcated normal liver at the periphery (NL). (Haematoxylin 
and eosin stain, original magnification X 4) 





Fig. 8 Undamaged, patent hepatic vein, directly adjacent to an 
electrolytic (cathode) lesion 


with time without complications. Six months after treat- 
ment little necrotic tissue remained at the site of the original 
lesion, which was replaced by a small fibrous scar. It was also 
shown that colorectal liver metastases as well as normal liver 
tissue could be destroyed completely by this technique”. 
If the treatment is to be consistently associated with 
minimal morbidity and mortality rates, however, it must be 
demonstrated that the effect of treatment is both pre- 
dictable and reproducible. To date the dose-response data 
in the literature regarding electrolysis are limited and 
variable. However, one study has reported experimental 
dose-response data in rabbit liver*’; liver necrosis was 
produced at a rate of 2-4 cm’ per 100 C compared with a 
rate of 4-1 cm’ for lung necrosis in the same study. In a 
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recent study” it was demonstrated that electrolytic necrosis 
in rat liver was produced at a rate of approximately 2-0 cm’ 
per 100 C when the electrodes were placed together and 
3-4 cm’ per 100 C when the electrodes were separated. In 
anecdotal reports of patients with large hepatocellular 
carcinomas treated with electrolysis, Chinese workers have 
reported completely different rates of destruction with two 
orders of magnitude difference in response (between 485 
and 837 cm? per 100 C)*'**. Before treating patients, 
however, it is essential that reliable dose-response data are 
generated using a large animal model with a liver of similar 
physical size to that of the human. 

The present results show that the volume of necrosis 
produced by a given electrolytic ‘dose’ is both predictable 
and reproducible in pig liver. However, the effect is greater, 
and the final lesion larger, when the electrodes are separated 
by a distance of 200 mm rather than with minimal 
separation. This finding is consistent with other experi- 
mental studies****. It is likely that this discrepancy results 
from a combination of factors. One such factor may be that 
when the electrodes are very close the cytotoxic gases 
generated from each electrode mix, effectively cancelling 
out their respective effects**. 

In this study, a maximum ‘dose’ of 300 C was used. With 
the electrodes separated, this produced two lesions with a 
combined volume of nearly 11 cm’, or individual diameters 
of 2-2 cm. In clinical practice metastases are often larger 
than this. However, there is no reason to suggest that 
electrolytic ‘doses’ far in excess of 300 C could not be used 
safely. Indeed, as a part of a pilot study in patients, 1500 C 
has been given to a patient with a hepatoma, without adverse 
effects. 

Histological examination of all the specimens in this 
study demonstrated three important beneficial effects of 
electrolytic ablation that may be of relevance when treating 
perivascular metastases. First, no viable tissue remained in 
the area treated by electrolysis in any of the lesions that were 
created. There was 100 per cent necrosis of the cells that 
were contained within the macroscopically apparent 
electrolytic lesion. Additionally, there was a very sharp 
‘transition zone’ between the area of total necrosis and 
normal surrounding liver. This finding is in contrast to the 
results of radiofrequency ablation where recurrence has 
been reported within the treated area, presumably resulting 
from incomplete ablation at the time of treatment”?! 

Second, although there was an hepatic vein occlusion in 
one specimen, there was no histological evidence of major 
vascular or biliary damage in any of the remaining speci- 
mens, despite the close proximity of many lesions to hepatic 
veins. If local ablation is intended for use in this situation, 
these results support the view that electrolysis may be more 
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efficacious than treatments such as cryotherapy and radio- 
frequency ablation. 

Third, although there was virtually no damage to large 
veins as a result of electrolysis, each lesion was surrounded 
by a narrow rim of normal liver in which the small sinusoids 
were thrombosed. It is proposed that these small, occluded 
vessels may form a ‘cocoon’ around the necrotic lesion. This 
vascular isolation may in turn prevent the rapid efflux of 
necrotic debris into the systemic circulation and hence 
avoid the systemic inflammatory reaction that is known to 
occur with cryotherapy'*!’. This theory requires further 
evaluation but is supported by the lack of a systemic 
response in experimental studies to date?°"*?”, 

Levels of liver enzymes were significantly raised after 
treatment and the magnitude of the increase correlated with 
the total volume of liver necrosis. However, while the 
increase in liver enzymes was statistically significant, there 
were no clinical sequelae and no animal developed hepatic 
failure or became jaundiced after treatment. Indeed, 72 h 
after treatment the enzyme levels had either returned to or 
were returning to normal. The local trauma associated with 
electrolysis appears to be minimal and transient. 

Platinum electrodes were used in this study because it has 
been shown that they are durable and not readily eroded by 
the electrolytic process*!. Furthermore, it has been 
suggested that the use of platinum electrodes may increase 
the toxicity of the local environment by the production of 
cytotoxic platinum salts*’~*>. This remains theoretical and 
unproven, and requires further evaluation. The potential 
toxicity of platinum salts and other products of electrolysis 
entering the systemic circulation has been investigated”. 
No systemic toxic effects were observed either during or 
after treatment. 

This study has confirmed that electrolysis fulfils many of 
the criteria for an ablative technique which may be used as 
an adjunct to surgery to make the ‘unresectable’ patient 
‘resectable’ by treating one or two awkwardly placed 
metastases. In this study electrolytic ablation produced 
predictable areas of necrosis with no significant complica- 
tions, close to major vascular structures. Additional 
theoretical advantages, such as the lack of a systemic 
inflammatory reaction and the local production of cytotoxic 
platinum salts, require further evaluation. 

Presently, electrolytic ablation is performed at laparo- 
tomy. However, there is no reason why the treatment could 
not be performed percutaneously in the future, as delivery 
systems are currently available which would accept the 6-Fr 
catheters used in this study. Based on the encouraging 
results of this study, preliminary clinical trials have started 
and several patients who would otherwise have been 
deemed inoperable have been treated successfully. 
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Background: Previous studies have demonstrated that socioeconomic deprivation is associated with 
poorer survival in patients with colorectal cancer. These differences have been attributed to more 
advanced disease at presentation. 

Methods: A total of 2269 patients undergoing resection for colorectal cancer in hospitals in central 
Scotland between 1991 and 1994 were studied. Socioeconomic status was defined using the Carstairs 
deprivation index. The impact of deprivation on case mix, treatment and outcome was analysed. 
Results: There were no significant differences in mode of presentation, extent of disease at 
presentation, type of resection and postoperative mortality rate among the socioeconomic groups. 
Following curative resection, the overall survival rate at 5 years was 47-0 per cent in deprived patients, 
compared with 55-4 per cent in affluent patients (P = 0-05); the cancer-specific survival rate was 62-6 per 
cent in the deprived and 68-1 per cent in the affluent (P = 0-05). Compared with the affluent, the 
adjusted hazard ratios for the deprived were 1-36 (95 per cent confidence interval (c.i.) 1-09 to 1-69) for 
overall mortality and 1-26 (95 per cent c.i. 0-95 to 1-67) for cancer-specific mortality. Following palliative 
resection, there was no difference in survival between the affluent and deprived for either overall 
(P = 0-27) or cancer-specific (P = 0-89) mortality. 

Conclusion: These findings confirm that the cancer-specific survival rate following surgery for 
colorectal cancer is lower in deprived patients. Stage of disease at presentation and type of operation did 
not account for this difference. The excess mortality was confined to patients undergoing apparently 


curative resection. 
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introduction 


Colorectal cancer is the second commonest cause of cancer 
death in the westernized world. Survival is poor: in the UK, 
only one in three patients with colorectal cancer survives for 
5 years’. Several studies of colorectal cancer from Europe 
and the USA have highlighted the variations in outcome for 


base 5 


patients from different socioeconomic backgrounds'~’ 
Almost exclusively, the more deprived patients have lower 
survival rates. For example, in the UK, Coleman and 
colleagues’ have reported a 5 per cent difference in relative 
survival in patients from the most deprived areas compared 
with the most affluent. There are a number of potential 
explanations for these observed differences in survival. 
‘These include delay in presentation, more advanced stage at 
the ume of initial presentation, and variations in treatment. 
To date, no study has attempted to assess the impact of these 
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factors on the socioeconomic differences in survival in 
patients with colorectal cancer. 

Central Scotland has a wide spectrum of socioeconomic 
groups, often living in close proximity to one another, a 
reasonably homogeneous health service and a well estab- 
lished cancer registry. This makes Scotland an ideal setting 
to undertake a study to examine the distribution of 
established prognostic factors and assess the contribution 
of these factors to variations in outcome according to 
socioeconomic status. 


Patients and methods 


A total of 2269 patients who underwent resection for 
colorectal cancer between | January 1991 and 31 December 
1994 in eight hospitals in the central belt of Scotland was 
included in the study. Information was abstracted from case 
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Table 1 Overall 5-year survival rates from the audit study 
(1991-1994) and the Scottish Cancer Registry (1986-1995) by 
deprivation category 





*Affluent — deprived survival rate 


notes by two specially trained data managers. Data for 1991 
and 1992 were collected retrospectively and those for 1993 
and 1994 prospectively. Details included mode of presenta- 
tion, extent of tumour spread, surgical procedure, post- 
operative mortality, Dukes’ stage and adjuvant therapy. 

Patients were deemed to have had a curative resection if 
the surgeon considered that there was no macroscopic 
residual tumour once resection had been completed. 
Patients with distant metastases who underwent resection 
or in whom inadequate local clearance had been achieved 
were deemed to have had a palliative resection. 

The extent of deprivation was defined using the Carstairs 
index”. This is an area-based measure derived from the 1991 
census, using the postcode of residence at diagnosis, which 
divides the scores into a seven-point index. For illustrative 
purposes, the results are presented by amalgamating the 
seven categories into three groups: affluent (Carstairs 
categories 1 and 2), intermediate (categories 3, + and 5) 
and deprived (categories 6 and 7). 

Date and cause of death were checked with data received 
by the cancer registration system through linkage with the 
Registrar General (Scotland). Deaths up to the end of 1999 
have been included in the study. 

Survival rates at 5 years were calculated using Kaplan- 
Meier estimates. Tests for trends in survival rates were 
carried out using the log rank test across the seven Carstairs 
categories. Hazard ratios were calculated using the affluent 
group as the baseline with adjustment for age and sex”. 
Comparisons of the associations between prognostic, 
treatment factors and socioeconomic status were made 
with the y` statistic for trend. The impact contributed by the 
above factors to the survival difference between the socio- 
economic groups was assessed by entering these factors into 
a Cox proportional hazards model to measure the extent of 
attenuation of the risk differences. 

To ensure that the above analysis was representative of 

the Scottish population as a whole, the results obtained in 
the above audit study were compared with those of all 
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Table 2 Baseline characteristics of the audit population 





? 
i¢ 


Values in parentheses are percentages 


27 753 patients identified from the national cancer registry 
as having been diagnosed between 1986 and 1995 with 
cancer of the colon or rectum (International Classification 
of Diseases (ICD) 9, codes 153 and 154). 


Results 


Overall 5-year survival rates for the 2269 patients under- 
going resection between 1991 and 1994, and the corre- 
sponding overall survival rates for the Scottish population, 
are shown in Table 1. In the audit study, the overall survival 
difference between the affluent and deprived groups (5-0 per 
cent) was within the range of that seen in the registry data. 

Of the 2269 patients included in the present audit, 17-5 
per cent were socioeconomically deprived; 31-9 per cent 
presented as an emergency and 19-9 per cent had evidence of 
metastatic spread at the time of operation (Table 2). Some 
1570 patients (69-2 per cent) underwent apparently curative 
resection and 699 (30-8 per cent) had a palliative resection. 

There were 1523 deaths, 886 after curative resection; 
51-6 per cent of patients undergoing apparently curative 
resection and 10-9 per cent of those undergoing palliative 
resection survived for 5 years. The cancer-specific survival 
rate at 5 years was 65-2 per cent after apparently curative 
resection and 14-3 per cent following palliative resection” 

The distributions of the main prognostic factors known 
to influence survival in colorectal cancer are shown in 
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Tables 3 and 4. There were no significant differences in 
mode of presentation, extent of disease, type of resection 
and postoperative mortality among the deprivation cate- 
gories. Fewer deprived patients received adjuvant therapy. 

Overall and cancer-specific survival at 5 years by 
deprivation category is shown in Tables 5 and 6. There 
were no significant differences in survival in terms of mode 
of presentation or Dukes’ stage among the deprivation 
categories. In contrast, there were differences in relation to 
the type of operation. Following curative resection, the 
overall survival rate was 47-0 per cent in the deprived 
patients compared with 55-4 per cent in the affluent 
(P = 0-05). The cancer-specific survival rate was 62-6 per 
centin the deprived patients and 68-1 per cent in the affluent 
(P = 0-05). This disadvantage was confined mainly to those 
undergoing elective surgery (P = 0-01 and P = 0.03 respec- 
tively). Following palliative resection there were no 
differences in survival between the affluent and the deprived 
(P = 0.27 and P = 0-89 respectively). 

Overall and cancer-specific survival by deprivation 
category in patients undergoing curative resection adjusted 
for age, sex, mode of presentation and Dukes’ stage is shown 
in fable 7. With increasing deprivation there was a 
significant trend towards poorer overall (P = 0-001) and 
cancer-specific (P = 0-02) survival. Taking the affluent as 
the baseline, the adjusted hazard ratio for overall survival for 
deprived patients undergoing curative resection was 1-36 
(95 per cent confidence interval (c.i.) 1-09 to 1-69); the 
corresponding adjusted hazard ratio for cancer-specific 
survival was 1.26 (95 per cent c.i. 0-95 to 1-67). In patients 


Table 3 Characteristics of patients from affluent, intermediate 
and deprived areas 





Values in parentheses are percentages. *Derived from a test for trend 
across the original seven Carstairs categories 
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undergoing palliative resection, there was no significant 
trend across the deprivation categories for either overall 
survival (P = 0-57) or cancer-specific survival (P = 0-71); the 
corresponding adjusted hazard ratios for the deprived 
relative to the affluent were 1-13 (95 per cent c.i. 0-87 to 
1-47) and 1-09 (95 per cent c.i. 0-82 to 1-45) respectively. 


Discussion 


In this audit study, in which survival was representative of 
the Scottish population as a whole, it was confirmed that, 
compared with these from more affluent areas, deprived 
patients presenting with colorectal cancer have poorer 
overall and cancer-specific survival rates. Furthermore, this 
survival disadvantage is confined mainly to patients under- 
going apparently curative resection, the excess risk of the 
deprived patients dying being 36.0 per cent (Table 7; hazard 
ratio 1.36). There was no difference in survival between 
affluent and deprived patients following palliative resection. 

Previously, it has been suggested that these differences 
might be due to more advanced disease at initial presenta- 
tion or to variations in treatment. However, this study has 
shown that there were no significant differences in mode of 
presentation, extent of disease, the proportion of patients 
who underwent curative resection or postoperative mortal- 
ity between the deprived and affluent patients. Fewer 
deprived patients received adjuvant therapy, but this had no 
effect on survival as the overall proportion of patients 
receiving adjuvant therapy at the time of the study was low. 
A similar difference in the proportion of patients receiving 
adjuvant chemotherapy according to socioeconomic status 
has been observed previously’, 

These results differ from those of previous studies. A 
study from south-east England!! showed marked variation 
in the rate of emergency admissions between affluent and 
deprived patients. The difference between the two studies 
may be due to variations in the definition of what constitutes 
an emergency admission and in the organization of the 


Table 4 Type of operation, postoperative mortality and adjuvant 
treatment by deprivation category 





Values in parentheses are percentages. “Curative resections. *Derived 
from a test for trend across the original seven Carstairs categories 
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In conclusion, this study has confirmed previous reports 
that, compared with more affluent patients, deprived 
patients have poorer survival following surgery for colo- 
rectal cancer. This disadvantage appears to be confined to 
those undergoing apparently curative resection. These 
differences in outcome do not appear to be due to 
tumour-related factors including mode of presentation, 
extent of disease, type of operation, postoperative mortality 
or adjuvant treatment. It may be, therefore, that these 
differences in outcome between the deprived and affluent 
patients are due to other factors, including a compromised 
tumour—host response. 
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Backgrounds Intra~abdominal hypertension has been recognized as a source of morbidity and mortality 
in the traumatized patient following laparotomy. Multiple organ dysfunction attributable to intra- 
abdominal hypertension has been called the abdominal compartment syndrome. The epidemiology and 
characteristics of these processes remain poorly defined. 

Methode: Intra-abdominal pressure was measured prospectively in all patients admitted to a trauma 
intensive care unit over 9 months, Data were gathered on all patients with intra-abdominal 
hypertension. 

Results: Some 706 patients were evaluated. Fifteen (2 per cent) of 706 patients had intra-abdominal 
hypertension. Six of the 15 patients with intra-abdominal hypertension had abdominal compartment 
syndrome. Half of the patients with abdominal compartment syndrome died, as did two of the 
remaining nine patients with intra-abdominal hypertension. Patients with abdominal compartment 
syndrome had a mean intra-abdominal pressure of 42 mmHg compared with 26 mmHg in patients with 
intra-abdominal hypertension only (P < 0-05). 

Conclusion: The incidence of intra-abdominal hypertension and abdominal compartment syndrome 
was 2 and 1 per cent respectively. Intra-abdominal hypertension did not necessarily lead to abdominal 
compartment syndrome, and often resolved without clinical sequelae. Abdominal compartment 
syndrome did not occur in the absence of earlier laparotomy. Abdominal compartment syndrome was 


associated with a marked increase in intra-abdominal pressure (above 40 mmHg). 


Paper accepted 11 January 2002 


Introduction 


Intra-abdominal hypertension, defined as a sustained 
increase in intra-abdominal pressure, can cause direct 
mechanical impairment of respiratory, haemodynamic, 
renal and splanchnic function. Organ dysfunction attribut- 
able to increased intra-abdominal pressure has been termed 
the abdominal compartment syndrome. The abdominal 
compartment syndrome has been increasingly recognized 
as a source of morbidity and mortality in the traumatized 
patient following laparotomy, typically as the result of 
massive visceral oedema, retroperitoneal haemorrhage or 
intra-abdominal packing’°. Abdominal compartment 
syndrome has also been reported in non-traumatized 
patients", 

Despite several recent reviews'*~"*, fandamental ques- 
tions about intra-abdominal hypertension and abdominal 
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compartment syndrome remain unanswered. The overall 
incidence of intra-abdominal hypertension and abdominal 
compartment syndrome, the importance of an isolated 
finding of raised intra-abdominal pressure, the clinical 
progression of intra-abdominal hypertension, and the level 
of increased pressure that is associated with clinically 
significant impairment of respiratory, haemodynamic, 
renal and splanchnic function are all unknown. This study 
measured intra-abdominal pressure prospectively in a 
cohort of patients to characterize better the clinical 
significance of abdominal compartment syndrome and 
intra-abdominal hypertension in critically ill trauma 
patients. The ultimate goal of the study was to define a 
specific set of risk factors that would allow early identifica- 
tion of patients at high msk of developing abdominal 
compartment syndrome, ideally before overt manifestation 
of multiple organ dysfunction. 


British Journal of Surgery 2002, 89, 591-596 &91 


592 intra-abdominal! hypertension and the abdominal compartment syndrome « j. J. Hong, S. M. Cohn, J. M. Perez et ai. 


Patients and methods 


From April 1998 to January 1999, all patients admitted to 
the intensive care unit (ICU) at a level I trauma centre 
underwent serial indirect measurement of intra-abdominal 
pressure via an indwelling urinary catheter. The standard 
procedure used was that first popularized by Kron et a/.° and 
subsequently validated clinically’*~'”. Measurements were 
obtained initially at 6-h intervals. The study protocol was 
approved by the Institutional Review Board at the 
University of Miami/Jackson Memorial Hospital. 

If intra-abdominal pressure remained below 20 mmHg 
without evidence of organ system dysfunction, measure- 
ments were discontinued after 24 h. If it was 20 mmHg or 
higher and was sustained for two reproducible measure- 
ments, the patient was given a diagnosis of intra-abdominal 
hypertension, and additional data were collected: haemo- 
dynamic variables (heart rate, blood pressure, central 
venous pressure and right heart catheter data if available): 
respiratory variables (respiratory rate, ventilator settings if 
applicable); renal variables (urine output, serum creatinine 
and blood urea nitrogen); Injury Severity Score (ISS); and 
the amount and composition of fluid resuscitation before 
and after the increased intra-abdominal pressure was 
initially recorded. Intra-abdominal pressure measurements 
were also increased in frequency from every 6 h to every l- 
4 h. If intra-abdominal hypertension was associated with 
multiple organ dysfunction syndrome (MODS), abdominal 
compartment syndrome was suspected. If clinical suspicion 
was high, a laparotomy for abdominal decompression was 
performed. The diagnosis of abdominal compartment 
syndrome was ultimately confirmed when physiological 
variables improved with decompressive laparotomy. 

Statistical analysis was performed using Fisher’s exact 
test. 


Results 


The findings of the study are summarized in Fig. 1. A total 
of 706 patients was evaluated during the study period. The 
characteristics of these patients are summarized in Table 1. 
Fifteen (2 per cent) of 706 patients had intra-abdominal 
hypertension, defined as sustained intra-abdominal pres- 
sure of 20 mmHg or more. Six of these 15 patients had 
abdominal compartment syndrome confirmed at decom- 
pressive laparotomy (1 per cent of total admissions). The 
characteristics of these 15 patients are summarized in 
Table 2. 

Table 3 summarizes notable differences between patients 
with abdominal compartment syndrome and those with 
intra-abdominal hypertension only. The six patients with 
abdominal compartment syndrome had a mean(s.d.) ISS of 
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Fig. 1 Intra-abdominal hypertension GAH) and compartment 
syndrome (ACS) in patients admitted to a trauma intensive care 
unit 


IAH 
2 patients 


Table 1 Characteristics of trauma intensive care unit patient 
population 





"Values in parentheses are percentages. +For example, boating accident, 
mauling, train injury 


34(12) and an intra-abdominal pressure of 42(11) mmHg. 
Three of the six patients died from progressive multiple 
organ failure despite abdominal decompression. N otably, 
two of the six patients developed abdominal compartment 
syndrome despite ‘prophylactic’? temporary abdominal 
closure. 

The nine patients with intra-abdominal hypertension 
who did not undergo abdominal decompression had a 
mean(s.d.) ISS of 27(12) and a mean(s.d.) intra-abdominal 
pressure of 26(4) mmHg. Two of these nine patients died, 
one from a late pulmonary embolus during rehabilitation 
after discharge from the ICU and one from com plications of 
a severe closed head injury. Four of the nine patients had 
intra-abdominal hypertension without laparotomy before 
admission. Two of these patients had resolution of intra- 
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Table 2 Characteristics of patients with intra-abdominal hypertension and abdominal compartment syndrome 


Table 3 Comparison of intra-abdominal pressure, Injury 
ion and abdominal compartment syndrome 














eID: 


Values are mean(s.d.). *Fisher's exact test 


abdomina 

ments. 
There were trends toward increased ISS and increased 

mortality rate in the patients with abdominal compartment 


ypertension following ‘large’ bowel move- 


syndrome. However, only the difference in intra-abdominal 
pressure between the two groups reached statistical 
significance: 26(4) versus 42(11) mmHg (P < 0-05). 





Discussion 





Although MODS has been described for over 30 years, its 
treatment remains primarily supportive. The abdominal 
its 





compartment syndrome — like tension pneumothorax 


better known analogue in the chest -is a potentially 
treatable cause of early MODS in the severely injured 


patient. Like tension pneumothorax, abdominal compart- 











ment syndrome causes organ dysfunction by direct 
mechanical effects. Respiratory derangement occurs as the 
result of elevation of the diaphragm, causing decreased 
functional residual capacity and increases in airway 
pressures in patients on positive pressure ventilation’. 
Haemodynamic derangements are the result of decreased 
cardiac preload from compression of the inferior vena cava 


: ; 0O as ; 4 
with resultant decreased cardiac output" . Compression of 


‘ a i A f 220 
the renal vein results in impairment in kidney function’”. 
Increased intra-abdominal pressure has also been shown to 

Rit E. 
decrease splanchnic perfusion". Once diagnosed, 
abdominal compartment syndrome requires and responds 
immediately to invasive therapeutic intervention. 

That this diagnosis may be a difficult one to make further 
complicates an already complex clinical problem. Among 


trauma surgeons abdominal compartment syndrome is a 
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well established diagnosis~*. However, despite numerous 
series in the literature, much about abdominal compart- 
ment syndrome remains unknown and therefore contro- 
versial, in part because of confusion regarding terminology. 
There are, as yet, no universally accepted definitions. This 
study used a broad definition of intra-abdominal hyperten- 
sion to ensure capture of all patients with a sustained 
increase in intra-abdominal pressure. The threshold for 
intra-abdominal hypertension was defined arbitrarily as a 
sustained intra-abdominal pressure of 20 mmHg and above. 

Normal intra-abdominal pressure is highly variable in 
healthy individuals, depending on body position, body 
habitus and activity. Transient increases in intra-abdominal 
pressure to 80 mmHg have been described in normal 
subjects’**°. Sustained pneumoperitoneum to 15 mmHg 
is routinely used without apparent adverse effects during 
laparoscopic surgery” ’. In the present study 20 mmHg was 
chosen so that all individuals with even mild, occult intra- 
abdominal hypertension were included and followed, with 
the goal of characterizing the spectrum of disease, from a 
mild asymptomatic pressure increase to frank abdominal 
compartment syndrome, and to ensure that all cases of 
intra-abdominal hypertension were captured. In the 
absence of baseline data of this kind, no true estimate of 
the overall incidence of intra-abdominal hypertension and 
abdominal compartment syndrome may be made. 

For the purposes of this study, abdominal compartment 
syndrome was narrowly defined as intra-abdominal hyper- 
tension with associated MODS that improved following 
abdominal decompression. This very strict definition of 
abdominal compartment syndrome was used to ensure that 
the diagnosis of abdominal compartment syndrome was 
accurate. Some patients with intra-abdominal hypertension 
associated with relatively mild organ dysfunction may not 
require decompressive laparotomy, but will respond with 
non-operative observation; according to the present defini- 
tions, such patients had intra-abdominal hypertension and 
not true abdominal compartment syndrome. 

The ultimate goal of this study was to identify specific risk 
factors that would allow early diagnosis of intra-abdominal 
hypertension before the onset of frank MODS, for example 
the amount and composition of fluid resuscitation, specific 
injuries such as pelvic fracture or hepatic injury, the use of 
perthepatic packing, etc. However, the incidence of intra- 
abdominal hypertension and abdominal compartment 
syndrome in this cohort of patients was surprisingly low, 
and did not allow a statistically meaningful analysis of risk 
factors. 

The data show that intra-abdominal hypertension and 
abdominal compartment syndrome are rare (2 and 1 per 
cent respectively). This differs markedly from two previous 
series, which reported incidences of 14 per cent”? and 33 per 
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cent”. There are two plausible explanations for this 
discrepancy. First, by measuring intra-abdominal pressure 
in all patients admitted to the ICU, this study included low- 
risk as well as high-risk patients, whereas the previous 
studies confined data collection to high-risk patients. While 
the latter approach ensures a good yield of patients with 
abdominal compartment syndrome, it may result in a very 
high incidence compared with that seen clinically in the 
ICU population overall. Furthermore, such an approach 
potentially misses patients who are not at high risk, and yet 
may have MODS falsely attributed to sepsis or irreversible 
shock when in fact they have unrecognized abdominal 
compartment syndrome. By measuring intra-abdominal 
pressure prospectively in all patients, this study obtained a 
true overall incidence. By using this methodology, the study 
also identified all cases of occult intra-abdominal hyperten- 
sion, regardless of whether they were associated with 
clinical sequelae. 

The second reason for such a low incidence is the large 
number of temporary abdominal closures performed; 54 (25 
per cent) of 214 patients who underwent laparotomy had 
temporary abdominal closure before arrival in the ICU, and 
before any measurement of intra-abdominal pressure. Some 
characteristics of these patients are shown in Table 4. In 
most cases temporary abdominal closure was performed 
using a prosthetic mesh device or a ‘Bogota’ bag to expand 
the abdominal wall, as prophylaxis against the development 
of abdominal compartment syndrome. If even a small 
number of these patients had undergone primary fascial 
closure, the incidence of intra-abdominal hypertension and 
abdominal compartment syndrome may have been sub- 
stantially higher. 


Table 4 Characteristics of $4 patients who had temporary 
abdorninal closure 





Values in parentheses are *percentages or tnumber of patients with 
abdominal compartment syndrome. ¢Allows expansion of abdominal 
wall for prophylaxis against abdominal compartment syndrome; 
Stascia left open, for planned re-exploration 
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The presence of intra-abdominal hypertension following 
temporary abdominal closure was an ominous finding. Two 
patients developed intra-abdominal hypertension despite 
prophylactic temporary abdominal closure, both of whom 
had frank abdominal compartment syndrome. Both patients 
required abdominal decompression, with the use of larger 
prosthetic materials to expand the abdominal cavity. 

Similarly, the presence of intra-abdominal hypertension 
following laparotomy with primary fascial closure may be 
an ominous finding, suggestive of abdominal compartment 
syndrome. In this study intra-abdominal hypertension 
occurred in only 4 per cent (nine of 160) of patients 
following laparotomy and primary fascial closure. 
However, four of these patients had abdominal compart- 
ment syndrome as a result of intra-abdominal hypertension. 

Abdominal compartment syndrome did not occur in the 
absence ofan earlier laparotomy in the present study. There 
are increasing reports of abdominal compartment syn- 
drome occurring without laparotomy in the literature, in 
burn patients (especially those with circumferential full- 
thickness torso burns) and in patients without intra- 
abdominal injury?®?!. 

Intra-abdominal hypertension does not inevitably pro- 
gress to abdominal compartment syndrome, and may be 
associated with relatively benign conditions, such as 
constipation. Two patients had resolution of intra- 
abdominal hypertension following ‘large’ bowel move- 
ments. An isolated finding of intra-abdominal hypertension 
in an otherwise asymptomatic patient is clearly different 
from frank abdominal compartment syndrome in a patient 
with severe abdominal trauma and worsening MODS. 

In general, asymptomatic intra-abdominal hypertension 
had a benign clinical course. True abdominal compartment 
syndrome, by comparison, is associated with significant 
morbidity and mortality. Three of six patients with 
abdominal compartment syndrome died from progressive 
MODS, despite early recognition and abdominal decom- 
pression. 

Abdominal compartment syndrome was also associated 
with a significantly higher intra-abdominal pressure than 
asymptomatic intra-abdominal hypertension (42 versus 
26 mmHg). Although not unexpected, this is a meaningful 
finding; an intra-abdominal pressure of 40 mmHg clearly is 
more worrisome than one of 20 mmHg, especially when 
associated with MODS. 

Based on the findings of this study, routine measurement 
of intra-abdominal pressure is not necessary in all patients, 
given its rarity and given the benign nature of asymptomatic 
intra~abdomunal hypertension. However, routine measure- 
ment of intra~abdominal pressure is warranted in patients at 
high risk, certainly in those with early MODS following 
trauma, even if they have undergone prophylactic tempor- 
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ary abdominal closure previously. Because of the small 
number of patients with intra-abdominal hypertension and 
abdominal compartment syndrome, this study was not able 
to elucidate definitively variables that would characterize 
low or high risk. 
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Background: The sensitivity of cancer cells to chemotherapy and radiation therapy depends on various 
biological properties. This study investigated the expression of p53, CDC25B and metallothionein 
(MT), and evaluated their clinical significance in chemoradiation therapy (CRT) for oesophageal 
squamous cell carcinoma. 

Methods: The expression of p53, CDC25B and MT was evaluated by immunohistochemistry using 
biopsy specimens taken before CRT for 77 patients with oesophageal squamous cell carcinoma, and 
correlated with the pathological effects of CRT and survival. 

Results: p53-positive tumours and MT-positive tumours had a poor response to CRT, whereas 
tumours with strong CDC25B expression were associated with a good response. When each patient was 
scored for the presence of the three biological factors, there was a strong correlation between the 
sensitivity score and the pathological effect of CRT (P < 0-001), and a (non-significant) difference in the 
5-year survival rate between patients with a high score and those with a low score (67 versus 34 per cent 
respectively; P = 0-12). 

Conclusion: The combined evaluation of p53, CDC25B and MT may help to identify patients with 


advanced oesophageal squamous cell carcinoma who will benefit from preoperative CRT. 


Paper accepted 16 December 2001 


Introduction 


Chemoradiation therapy (CRT) is one of the most 
commonly used modalities for oesophageal cancer. 
Preoperative CRT using cisplatin and 5-fluorouracil has 
been used by the authors for advanced oesophageal cancer 
since 1989 to improve operative resectability and prognosis. 
Although the response rate to CRT using this protocol is 
high (64 per cent)’, there is no survival benefit for non- 
responders. It would be useful to be able to predict the 
response to CRT so that non-responders could avoid side- 
effects; this has not been possible using the clinicopatho- 
logical factors examined routinely. 

One possible solution is offered by recent advances in 
tumour biology, especially concerning apoptosis. Apoptosis 
induced by CRT involves various biological phenomena 
such as DNA repair, altered drug metabolism, inflamma- 
tion, molecular chaperoning and changes to the cell cycle. 
Various biological markers have been investigated for their 
association with a response to CRT, including metallo- 
thionein (MT), glutamine S transferase (GST)-pai, heat 
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shock protein (HSP) 27, HSP-70, NF (nuclear factor) xB, I 
(inhibitory) KB, bel-2, CDC25A, CDC25B, p53, cyclin D1, 
cyclin BI, Ki-67 and p21 WAF1. 

p53 is a tumour suppressor gene that contributes to the 
preservation of genetic stability by facilitating both G1 
arrest and apoptosis in response to DNA damage’. Many 
studies have shown that apoptosis following DNA damage 
is inhibited by p53 mutation and restored by wild-type p53". 
p53 abnormality is observed in more than 70 per cent of 
advanced oesophageal cancers’. Although p53 may play a 
critical role in radiation-induced apoptosis’, the discre- 
pancy between the low frequency of normal p53 function 
and the high clinical response of oesophageal cancer 
strongly suggests the existence of an alternative pathway, 
independent of p53, that regulates radiation sensitivity. The 
G2~M checkpoint, which is well preserved regardless of p53 
status, is strongly associated with radiation-induced apop- 
tosis“. In previous studies, it was found that CDC25B, a dual 
phosphatase that activates CDC2 and the G2—M progres- 
sion’, was significantly associated with radiation sensitiv- 
ity among various molecules regulating the G2-M 
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checkpoint”. Metallothionein (MT) is an intracellular 
metal-binding protein involved in zinc homoeostasis and 
the detoxification of heavy metals'’. Experimentally, MT 
affects cisplatin-induced apoptosis’ ', and a positive associa- 
tion has also been identified between MT expression and 
resistance to CRT”. 

In the present study an attempt was made to predict 
the effect of CRT by evaluating the expression of p53, 
CDC25B and MT simultaneously. Their influence on the 
clinical outcome of this multimodal therapy was also 
examined. 


Patients and methods 


Seventy-seven patients with advanced oesophageal squa- 
mous cell carcinoma who underwent CRT followed by 
oesophagectomy at Osaka University Medical School from 
1989 to 2000 were enrolled in the study. There were 67 men 
and ten women of mean age 59.5 (range 37-83) years. The 
diagnosis of squamous cell carcinoma was confirmed 
histologically from biopsy specimens obtained before 
starting CRT. 

All patients underwent attempted curative operation 
(Ro), including subtotal oesophagectomy and regional 
lymph node resection, 4-6 weeks after completing CRT. 
The entire oesophageal specimen was sliced into serial 5- 
mm longitudinal sections and examined histologically for 
the response to CRT, according to the following criteria: 
grade 1, a minor effect with viable cancer cells accounting 
for more than one-third of the tumour tissue; grade 2, a 
moderate effect with viable cancer cells accounting for less 
than one-third of the tumour tissue; and grade 3, no residual 
viable cancer cells’, 


Chemoradiation therapy 


A total radiation dose of 40 Gy was applied; 2-Gy fractions 
were delivered daily for 4 weeks by a 10-MV linear 
accelerator to the mediastinum and the neck. Concurrent 
chemotherapy consisted of daily administration of cisplatin 
7-10 mg/m* by intravenous infusion for 2h and 5- 
fluorouracil 350-500 mg/m? as a continuous intravenous 
infusion for 24 h. The therapy was administered 5 days per 
week for + weeks, completely synchronized with the 
irradiation’. 


Immunohistological staining procedure and 
evaluation of staining 


Immunostaining was performed using streptavidin—perox- 
idase complex methods for MT and the EnVision+™ 
peroxidase kit (DAKO, Glostrup, Denmark)'* on a 
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TeckMate Horizon automated staining system (DAKO, 
Glostrup, Denmark) for p53 and CDC25B, as described 
previously’. Primary antibodies were incubated overnight 
at PC with E9 (dilution 1 : 50; DAKO, Kyoto, Japan) for 
MT, and for 1 h at room temperature with DO-7 (dilution 
l: 50; Novocastra Laboratories, Newcastle upon Tyne, 
UK) for p53 and with C45820 (5 ug/ml; Transduction 
Laboratories, Lexington, Kentucky, USA) for CDC25B. 

The immunoreactivity of CDC25B was classified 
according to the frequency of the positively stained cells 
as follows: negative (-), less than 10 per cent; positive (+), 
10-50 per cent; overexpressed (+ +), more than 50 per cent. 
For p53 and MT staining, when more than 10 per cent of the 
cancer cells showed positive staining, the tumours were 
evaluated as positive (+) (Fig. 1). In previous studies” !? 
these cut-off values yielded the best gradation in correlation 
with the histological response to CRT. As the amount of 
biopsy material was limited, it was not possible to evaluate 
all three molecules in some patients. p53 was evaluated in all 
77 tumours, MT in 75 and CDC25B in 68. All three 
molecules were scored in 66 tumours. As each p53(-), MT 
(-) and CDC25B(+ +) pattern showed a higher CRT 
response than its counterpart, CRT sensitivity was scored 
as the number of these high-sensitivity subgroups. Thus, 
the tumours were classified into four groups with scores of 
0-3 by the addition of points: p53(+), MTG) and 
CDC25B-)/(+), each of which scored 0; and p53(-), 
MT(-) and CDC25B+ +), each of which scored 1. 


Statistical analysis 


Associations between two parameters were analysed with 
the Mann-Whitney U test or Spearman’s rank correlation 
test. For continuous parameters, the difference between the 
two groups was analysed with Student’s ż test. Multivariate 
analysis with a logistic regression model was used to 
determine the independent significant parameters to 
predict the histological effects of CRT. Postoperative 
survival was analysed using the Kaplan—Meier method and 
assessed statistically by means of the log rank test. For all 
analyses P < 0-05 was considered statistically significant. All 
statistical analyses were performed using the software 
package StatView version 5.0 (Abacus Concepts, Berkeley, 
California, USA). 


Results 


Correlation between histological response to 
chemoradiation and prognosis 


The histological response of the 77 patients to CRT was 
classified as follows, according to the volume of residual 
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Fig. 1 Immunohistochemical expression of p53, metallothionein (MT) and CDC25B. Oesophageal cancers were classified by nuclear 
p53 expression as positive (a) or negative (b), according to the frequency of stained cells. MT and CDC25B were detected in the 
nucleus and/or cytoplasm, and classified as positive (MT (c) and CDC25B (e)) or negative (MT (d) and CDC25B (f) (original 


magnification X 400) 


tumour cells: grade 1, 41 (53 per cent); grade 2, 17 (22 per 
cent); and grade 3, 19 (25 per cent). There was a significant 
association between the histological response to CRT and 
prognosis (Fig. 2), but not with any clinicopathological 
variables before starting CRT, including age, sex, tumour 
location, tumour length and histological differentiation 
(data not shown). 
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Relationship of p53, CDC25B and metallothionein 
with histological response to chemoradiation therapy 
and clinical outcome 


These molecules were expressed in squamous cell carcino- 
mas of the oesophagus, characteristically localized in the 
nucleus for p53, and in both the nucleus and cytoplasm for 
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Fig. 2 Kaplan-Meier survival curves classified by histological 
response to chemoradiation therapy. P = 0-017 (grade 1 versus 
grade 2), P = 0-001 (grade 1 versus grade 3) (log rank test) 


MT and CDC25B (Fig. 1). Using biopsy specimens before 
CRT, tumours were classified as positive (+) for p53 and 
MT in 47 (61 per cent) of 77 patients and in 43 (57 per cent) 
of 75 patients respectively. The CDC25B expression 
pattern was classified, as reported previously’, into: over- 
expressed (+ +), 14 (21 per cent) of 68 tumours; positive (+), 
20) (29 per cent) of 68; and negative (~), 34 (50 per cent) of 68 
(Table 1). 

The response to CRT was correlated with the expression 
pattern of the three biological markers (Table 1). There was 
a significant inverse correlation between p53 status and the 
response to CRT (P = 0-005), which was grade 3 in almost 
half (14 of 30) of p53(—) tumours, but in only five of 47 
p53(+) tumours. Tumours expressing MT were signifi- 
cantly more resistant to CRT (P = 0-033). There was also a 
positive correlation between CDC25B expression and the 
response to CRT: a grade 3 response was observed in seven 
of 14 CDC25B(+ +) and seven of 34 CDC25B(—) tumours 
(P = 0-038). 

The 5-year survival rates of patients with p53(+) and 
p53(-) tumours were 37 and 27 per cent respectively 
(P = 0-40); similar rates were observed for MT(+) and 
MT- tumours (40 versus 22 per cent; P = 1 -0). There was 
a tendency for patients with tumours having CDC25B(+ +) 
to show better survival than those with CDC25 B(+) or (~) 
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Table 1 Correlation of p53, metallothionein and CDC25B 
expression with histological response to chemoradiation 





Values in parentheses are percentages. *“Spearman’s rank correlation test 


tumours, although the difference was not statistically 
significant (5-year survival rate 59 and 34 per cent 
respectively; P = 0.27). 


Prediction of the response to chemoradiation 
therapy and clinical outcome using three biological 
markers 


There was no significant correlation among the expression 
of three biological markers in the rank correlation test (p53 
versus MT, P = 0-46; p53 versus CDC25B, P = 0.1 7; MT 
versus CDC25B, P = 0-91). Multivariate analysis using 
logistic regression of these three markers revealed that the 
p53 status was a significant parameter for discriminating a 
grade 3 response to CRT from grades 1 and 2. To 
discriminate a grade | response from grades 2 and 3, the 
statuses of MT, p53 and CDC25B were all significant 
(hazard ratio 5-77, P = 0-005; hazard ratio 3.84, P = 0.034, 
hazard ratio 4-82, P = 0-045 respectively), 

Next, the biological response to CRT was scored from 0 
to 3 according to the number of sensitive subgroups, that is, 
negativity for p53 and MT and overexpression of CDC25B 
(Table 2). As a result, 19 (29 per cent) of 66 tumours were 
classified as score 0, 32 (48 per cent) of 66 as score 1, 13 (20 
per cent) of 66 as score 2, and two (3 per cent) of 66 as score 
3. The correlation between the biological CRT sensitivity 
score and the histological response to CRT was statistically 
significant (P < 0-001). For example, 15 of 19 score 0 
tumours and 17 of 32 score | tumours had a poor response 
to CRT (grade 1), while 11 of 13 score 2 and both score 3 
tumours had good CRT responses (grade 2 or 3) (Table 2). 
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Table 2 Correlation of sensitivity score with histological 
response of 66 oesophageal tumours to chemoradiation therapy 








Tumours were classified into four groups with scores of 0-3 by the 
addition of points: p53(+), metallothionein(+) and CDC25B(-)A(+), for 
which each point was 0; and p53(-), metallothionein(—) and 
CDC25B +), for which each point was 1. Values in parentheses are 
percentages. P < 0-001 (Spearman’s rank correlation test) 


When clinical outcome was examined, patients with low 
biological CRT sensitivity scores (0 or 1) had a poorer 
prognosis than those with high scores (2 or 3) (5-year 
survival rate 34 versus 67 per cent respectively), although the 
difference was not statistically significant (P = 0-12) 
(Fig. 3). 


Discussion 


Previous studies have implicated various molecules as 
candidates for biological markers for CRT response in 
human oesophageal cancer, including p53, CDC25B and 
MT”. In the present study, histological response to CRT 
was predicted more effectively by evaluating these three 
molecules simultaneously. This novel approach was suc- 
cessful because these three markers are involved via 
different pathways, and therefore served as independent 
factors for predicting the CRT response in multivariate 
analysis. 

p53 is the best characterized and the most powerful 
marker, in addition to being the only established biological 
marker for response to CRT in both experimental'® and 
clinical” studies. The G2-M checkpoint, which is pre- 
served even in p53-impaired cells, is a major pathway of 
radiation-induced apoptosis'*. DNA damage triggers the 
signal that activates ataxia telangiectasia mutated (ATM), 
ATM then phosphorylates and activates Chk2, and Chk2 
phosphorylates and inactivates CDC25!*°. Inactivation of 
CDC235 results in suppression of CDC2/cyclin B1 activity 
and induction of G2—M arrest. G2—M arrest is indispen- 
sable for DNA repair following DNA damage, and 
abrogation of G2-M arrest facilitates the elimination of 
cells harbouring DNA damage via apoptosis during the G2- 
M phase. Among various molecules that regulate G2—M 
arrest, the overexpression of CDC25B has frequently been 
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Fig. 3 Kaplan—Meier survival curves classified by tumour 
sensitivity score in 66 patients with oesophageal cancer. Patients 
with scores of 2 or 3 had an improved 5-year survival rate (67 per 
cent) compared with those with scores of 0 or 1 (34 per cent), but 
the difference was not statistically significant (P = 0.12, log rank 
test) 


observed in human cancers*!?* and was associated with 
response to CRT in a previous study’. Moreover, CDC25B 
overexpression in oesophageal cancer cells was found to 
abrogate G2—M arrest and induce apoptosis following 
irradiation”. Three members of the CDC25 gene family 
have been identified in human cells** **, but only CDC25B 
is associated with CRT sensitivity. This is because 
CDC25A is not involved in the G2—M checkpoint but in 
the G1 checkpoint”°, and CDC25C is not overexpressed in 
cancer cells, 

A controlled clinical study revealed that CRT, using 
cisplatin and 5-fluorouracil, was more effective than 
radiation alone for advanced oesophageal cancer’. MT is 
a metal-binding protein and detoxifies heavy metals!’. In 
murine cell lines, transfection of the MT gene diminished 
cisplatin-induced apoptosis”. Expression of MT protein 
and messenger RNA was correlated with the cisplatin 
resistance in human lung cancer cell lines*”. 

The present authors previously reported that the 
histological response to CRT was the only independent 
prognostic factor among clinicopathological parameters in 
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patients with oesophageal cancer who had multimodal 
therapy". In the present study, three biological markers 
were significantly related to the histological response to 
CRT, but none of them correlated individually with 
postoperative survival. CDC25B overexpression might 
have opposite effects on the prognosis: improving the 
response to CRT’, but worsening prognosis as an oncogene 
facilitating G2—M progression. A controlled study compar- 
ing patients with or without CRT, subgrouped by CDC25B 
expression status, would determine the overall effect of 
CDC25B overexpression. 

Patients with p53(—) tumours did not have a better 
postoperative prognosis following CRT, possibly because a 
grade 1 tumour response was seen as often in ps3(-) 
tumours as a grade 3 response (Table 1). Generally, the 
p53(-) condition in immunohistochemistry is associated 
with the wild-type p53 gene*’. However, the grade 1 CRT 
response in this situation may imply complete loss of p53 
protein due to stop codon mutation, homozygous deletion 
or acceleration of protein degradation’*. Such p53 null 
mutation was associated with a poor prognosis in lung 
cancer’. Both genomic and protein analysis would be 
necessary to reveal the true significance of p53 negativity in 
CRT resistance in human oesophageal cancer. 

Prediction of the response to CRT by this approach could 
provide important information for clinical cancer treat- 
ment. It does rely on the reproducibility of immunohisto- 
chemical studies using biopsy specimens. Salvage operation 
after CRT might not be necessary following a grade 3 
response, but may be indicated specifically after a grade 2 
response. Unfortunately, there was little benefit from CRT 
with salvage operation in tumours with a grade 1 response’. 
Special treatments to increase CRT sensitivity might be 
required for non-responders. For example, restoring p53 
function by gene therapy has been achieved in clinical 
trials’*, and a compound that stabilized the p53 protein has 
been reported recently**. Chemical compounds that 
regulate the G2-M checkpoint, such as 7-hydroxy- 
staurosporine ° or caffeine’’ are available clinically. MT 
expression was found to be reduced by proparglyglycine*®. 

The findings of this study suggest that the choice of 
treatment for oesophageal cancer could be a complicated 
matter involving the evaluation of these biologically 
sensitive markers for response to CRT. In future, patients 
could have their individual therapy protocol based on the 
biological characteristics of their cancer cells in order to 
improve prognosis. 
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Radio-guided sentinel node detection for gastric cancer 
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Background: Radio-guided detection of sentinel nodes (SNs) has been used to predict regional 
metastases in patients with malignant melanoma and breast cancer. However, the validity of the SN 
hypothesis is still controversial for gastrointestinal cancers including gastric cancer. The aim of this 
study was to test the feasibility and accuracy of radio-guided mapping of SNs for gastric cancer. 
Methods: Some 145 consecutive patients with gastric cancer diagnosed as T; or T, and evaluated 
clinically as No were enrolled. Endoscopic injection of technetium-99m-radiolabelled tin colloid was 
performed before operation and radioactive SNs were identified with a y probe. Standard radical 
gastrectomy with lymphadenectomy was performed in all patients and all resected nodes were evaluated 
by routine histopathological examination. 

Results: Using radio-guided methods, SNs were detected in 138 (95-2 per cent) of 145 patients. The SN 
was positive in 22 of 24 patients with lymph node metastasis. The incidence of metastasis in the SNs (7-8 
per cent) was significantly higher than that in the non-SNs (0-3 per cent) (P < 0-01). The diagnostic 
accuracy according to SN status was 98-6 per cent (136 of 138). 

Conclusion: Radio-guided SN mapping is an accurate diagnostic procedure for detecting lymph node 


metastasis in patients with early-stage gastric cancer. 
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introduction 


For patients with gastric cancer, surgical resection with a 
lymph node dissection is considered a potentially curative 
treatment. Although gastrectomy with prophylactic lymph 
node dissection is the standard procedure in Japan and some 
other countries’, the prognostic benefit of extended lymph 
node dissection (D2) is sull controversial’. Recently, 
Macdonald etal.’ reported that only 10 per cent of 552 
patients uncergoing gastrectomy with curative intent 
actually had a formal D, dissection whereas most patients 
($4 per cent) had undergone a Do dissection (less than 
complete dissection of N, nodes). Completion of D, 
lymphadenectomy for gastric cancer is not always feasible 
and depends on the patient population and technical issues. 
Determination of the extent of lymph node dissection 
required in patients with gastric cancer on the basis of actual 
node involvement is important as less extensive dissection 
may reduce postoperative morbidity and mortality rates, 
especially in elderly patients. However, diagnostic imaging 
techniques including computed tomography (CT) and 
ultrasonography are still unsatisfactory and do not provide 
an accurate prediction of metastasis in the regional lymph 
nodes draining gastric cancer. Development of novel 
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diagnostic methods for assessing lymph node metastatic 
status is crucial for accurate lymph node staging that would 
permit individualized minimally invasive surgery such as a 
laparoscopic wedge resection for patients with early gastric 
cancer. 

The first possible sites of metastasis along the route of 
lymphatic drainage from a neoplastic primary lesion are 
known as sentinel nodes (SNs). These may be detected 
using injection of suitable dyes or radioactive tracers. In 
1977, Cabanas* proposed that SNs in patients with penile 
cancer could be removed by limited surgery and the 
presence or absence of metastatic disease used to determine 
the need for more extensive lymphadenectomy. Morton and 
colleagues’ first studied the concept of SNs ina feline model 
and later in a clinical study of patients with malignant 
melanoma®. They defined the SN as any node in the 
regional basin that had an afferent lymphatic connection 
from the primary tumour. This SN hypothesis has been 
tested by pilot studies in malignant melanoma and breast 
cancer’. Such studies have demonstrated that if the SNs 
are negative, it is unlikely that non-SNs contain micro- 
metastatic disease. The accuracy of the status of the SN in 
predicting other node involvement in recent studies exceeds 
95 per cent?" 
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The feasibility of SN mapping in gastrointestinal cancers 
and its diagnostic reliability remains unclear. It is thought 
that nodal metastasis occurs randomly and that the second 
and third regional lymph node compartments may be 
involved in metastatic disease without involvement of the 
nodes closest to the primary gastrointestinal cancer lesion. 
However, Bilchik et a/.'* have recently proposed universal 
application of SN mapping to other solid tumours. If 
feasible, SN mapping would be of particular value in the 
management of early gastric cancer in which radical Dz 


lymphadenectomy may be unnecessary. 


Patients and methods 


Patients consecutively treated at Keio University Hospital 
with clinically localized gastric cancer from January 1999 to 
May 2001 were offered enrolment in the study. Clinical 
diagnosis was made by examination of endoscopic biopsy 
specimens, and the absence of apparent lymph node 
involvement by diagnostic imaging was confirmed by 
preoperative CT and conventional ultrasonography. The 
depth of tumour invasion was evaluated on the basis of 
endoscopic findings and double contrast gastrography. One 
hundred and forty-five patients requiring curative gastrect- 
omy with D; or modified D; lymphadenectomy (removal of 
all N; nodes and nodes along the left gastric artery and 
common hepatic artery) with a diagnosis of clinical T; or 
T, No Mo status were enrolled. The protocol was approved 
by an institutional review board and committee for 
radiation safety. All patients enrolled in this study gave 
written informed consent. 

Technetium-99m-radiolabelled tin colloid solution in a 
volume of 2-0 ml was injected in four quadrants into the 
submucosal layer of the primary lesion using an endoscopic 
puncture needle. There were two groups which differed 
with respect to the timing of the tracer injection, either 2 h 
(n = 87) or 16h (z = 58) before surgery owing to the 
operation schedule. To adjust for the activity at the time of 
surgery, the activity of injected technetium-99m-labelled 
tin colloid was 150 MBq at 16 h before surgery or 15 MBq 
at 2 h before surgery. Technetium-99m-labelled tin colloid 
solution was labelled by adding 1-5 ml tin (II) chloride 
solution (Nihon Medi-Physics, Nishinomiya, Japan) to 
1.5 ml 99m-radiolabelled technetium pertechnetate solu- 
tion containing 111 MBq of radioactivity. 

A hand-held y probe (Navigator; AutoSuture Japan, 
Tokyo, Japan) was used to locate the radioactive SNs. After 
identification of the SNs, standard total or distal gastrect- 
omy with D, or modified D, lymphadenectomy was 
performed. After the resection, the absence of residual 
radioactivity in the abdomen was confirmed intraopera- 
tively with a hand-held y probe. 
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Table 1 Patient characteristics 





*Values are mean(s.d.); tvalues in parentheses are percentages 


The radioactivity of all the resected nodes was measured 
individually with a hand-held y counter (window setting 
above 95 keV, measuring time 20s) and a well-type 
scintillation counter (ARC-300; Aloka, Tokyo, Japan) 
(window setting 126-154 keV, measuring time 60 s). SNs 
were defined as nodes containing ten times more radio- 
activity than surrounding tissue. The number of hot nodes 
was compared between groups with different timing of the 
tracer injection. 

A single haematoxylin and eosin-stained section of a 
formalin-fixed paraffin-embedded specimen of each lymph 
node harvested was examined by a pathologist who was 
blinded to the SN status. The pathological status of the SNs 
was compared with that of the remaining regional nodes 
(non-SNs). The successful identification rate of SNs, 
number, distribution and accuracy of SN assessment with 
respect to the positive or negative status of regional nodes 
were evaluated. 


Statistical analysis 


‘The incidence of metastases detected in SNs and non-SNs 
> 
was compared by the x° test. 


Results 


The clinicopathological characteristics of patients enrolled 
in the study are summarized in Table 1. There were no 
unexpected toxicities or complications related to adminis- 
tration of radioactive tracer. 


Sentinel node identification 


SNs were detectable as hotspots in 138 (95 per cent) of 145 
patients with an intraoperative hand-held y probe. In 138 
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Table 2 Distribution of the sentinel nodes in gastric cancer 





Values in parentheses are percentages. “Compartments of regional 
lymph nodes according to the Japanese Classification of Gastric 
Carcinoma’? 


patients radioactive tracer uptake was sufficient to identify 
the SNs. The counts measured by the hand-held y counter 
and well-type scintillation counter were compatible. The 
number of lymph nodes removed by curative surgery with 
lymphadenectomy in this series was 45-5(19.2) (range 15- 
76) per patient. The number of SNs identified on the basis 
of radioactivity ratio criteria was 3-6(2-5) (range 1-8) per 
patient. The timing of tracer administration made no 
difference to the number of SNs identified (3-7 per patient 
with tracer injection 2 h before surgery (n = 87) and 3-4 per 
patient with tracer administered 16 h before surgery (n = 
58)). 


Sentinel node distribution 


The location of identified SNs according to the Japanese 
Classification of Gastric Carcinoma!* is indicated in 
Table 2. In seven patients (5-1 per cent), direct migration 
of radioactive tracer to the second compartment without 
incorporation in the first compartment was observed. In one 
of these seven patients, metastasis to a single SN in the 
second compartment was detected as shown in Fig. 1. 

Metastases were detected by microscopic examination of 
a single haematoxylin and eosin-stained section of a 
formalin-fixed paraffin-embedded specimen in 24 patients. 
In 22 of these 24 patients, the SNs were positive for 
metastasis. The incidence of metastasis was significantly 
higher in SNs (7-8 per cent) than in non-SNs (0-3 per cent) 
(P < 0-01). The overall diagnostic accuracy of assessment of 
regional lymph node status on the basis of SN status was 
98-6 per cent (136 of 138). 


In the present study the detection of SNs in patients with 
gastric cancer using technetium-99m-radiolabelled tin 
colloid was satisfactory. Endoscopic submucosal injection 
is considered a reasonable and feasible route of administra- 
tion of radioactive tracer for lymphatic mapping of gastric 
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Fig. 1a Incorporation of radioactive tracer in resected lymph 
nodes measured by y probe in a patient with superficial gastric 
cancer (T}, sm2). No uptake of radioactive tracer was observed in 
perigastric nodes (first compartment). The single lymph node 
along the common hepatic artery (8a; anterosuperior group, 
second compartment) showed high uptake of tracer (*) and was 
defined as the sentinel node in this patient. b The site of 
metastasis was limited to a very small cluster of cells (arrow) only 
in the sentinel node located in the second compartment (8a) and 
metastatic lesions were reconfirmed by immunohistochemistry 
using anticytokeratin antibody (original magnification X 50) 


cancers. The total number of SNs in each patient was 
relatively higher in this series of patients with gastric cancer 
than that previously reported in patients with breast 
cancer'”''!>, The number of SNs may be organ specific 
owing to the structure and anatomy of the regional 
lymphatic network. The number of SNs demonstrated in 
gastric cancer (3-6 per patient) is still within the practical 
range for intraoperative SN biopsy. 
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In the present study, the interval between injection of the 
tracer and resection varied (2 or 16 h) for practical reasons. 
However, there was no relationship between the interval of 
injection of radiocolloid to the SN harvest and the number 
of identified SNs. From these data, ıt appears that 2 h may 
be long enough for migration of the radiolabelled tin 
colloid; a long interval after injection (16 h) had no effect on 
the number of SNs identified. Tin colloid has a relatively 
large particle size in comparison to the sulphur nanocolloid 
commonly used and may be useful to avoid excessive 
diffusion. In the authors’ experience, smal! particles such as 
activated carbon particles (CH40) are not suitable for 
detection of SNs because they migrate rapidly into too 
many regional lymph nodes (approximately 80 per cent). 
The radio-guided method allows quantitative detection of 
SNs because of stable incorporation of the radioactive 
tracer. 

Joosten et al.!° reported that lymphatic mapping and SN 
identification is not reliable in colorectal cancer using 
subserosal injection of blue dye. On the other hand, Saha 
etal.” were successful in identifying SNs in patients with 
colorectal cancer using the blue dye method. In gastro- 
intestinal cancers, the lymphatic network may be more 
complex than that in breast cancer, and it may be difficult to 
visualize all the SNs distributed in unexpected areas by the 
vital blue dye method. In fact, the current data indicated a 
relatively high incidence (approximately one-third) of 
direct distribution of radioactive tracer in the second 
regional lymph node compartment in gastric cancer. This 
may be the major mechanism of so-called skip metastasis in 
gastric cancer. In these cases, SNs in the second compart- 
ment are considered functionally to be first compartment. 
Fig. J illustrates a good example of the value of SN mapping 
in gastric cancer to detect what were previously labelled as 
skip metastases. 

Intraoperative hand-held y probing was useful in detect- 
ing SNs in functionally first compartments even though 
they were anatomically third-compartment nodes. 
Recently, a high diagnostic accuracy of lymph node 
metastasis by SN mapping in colorectal'®!? and gastric*® 
cancer using the blue dye method has been reported. In the 
present series, the high performance of radio-guided SN 
mapping in gastric cancer was demonstrated. 

In the field of surgical treatment of gastric cancer, 
successful SN mapping has great potential to detect 
micrometastatic disease by focusing on SNs as selected 
targets for evaluation and for recognition of unusual lymph 
drainage. Furthermore, this technique has great potential 
application for development of novel minimally invasive 
surgical techniques. Curative laparoscopic surgery for 
mucosal gastric cancer has been reported*’. Laparoscopic 
wedge resection with a safe surgical margin should be 
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sufficient for curative treatment of early gastric cancer 
without lymph node metastasis. In fact, laparoscopic 
detection of SNs in gastric cancer using an abdominal Y 
probe (AutoSuture Japan, Tokyo, Japan) was feasible in a 
preliminary study*’. Several issues, such as the sensitivity of 
intraoperative pathological examination and the technique 
of laparoscopic SN detection, remain to be resolved before 
wide clinical application of this procedure. However, from 
this initial experience, it is reasonable to conclude that 
radio-guided SN detection has potential value in the staging 
and treatment of patients with early gastric cancer. 


Acknowledgements 


The authors thank Dr A. Kubo, Dr K. Kumai, Dr K. 
Nakamura, Dr T. Ikeda, Dr T. Suzuki, Dr T. Furukawa, Dr 
M. Yoshida, Dr J. Matsuda, Dr Y. Shimizu, Dr K. Nakazato 
and Dr H. Kikuchi for advice on technical matters. 


References 


1 Maruyama K, Sasako M, Kinoshita T, Sano T, Katai H. Can 
sentinel node biopsy indicate rational extent of 
lymphadenectomy ın gastric cancer surgery? Fundamental and 
new information on lymph-node dissection. Lengenbecks Arch 
Surg 1999; 384: 149-57. 

Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ. 

Extended lymph-node dissection for gastric cancer. Dutch 

Gastric Cancer Group. N Engi F Med 1999; 340: 908-14. 

Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes 

NC, Stemmermann GN et al Chemorediotherapy after 

surgery compared with surgery alone for adenocarcinoma of 

the stomach or gastroesophageal junction. N Engl 7 Med 2001, 

345: 725-30. 

4 Cabanas RM. An approach for the treatment of penile 
carcinoma. Cancer 1977; 39: 456-66. 

5 WongJH, Cagle LA, Morton DL. Lymphatic drainage of skin 
to a sentinel lymph node in a feline model. Ann Surg 1991; 214: 
637-41. 

6 Morton DL, Wen DR, Wong JH, Economou JS, Cagle LA, 
Storm FK et a} Technical details of intraoperative lymphatic 
mapping for early stage melanoma. Arch Surg 1992; 127: 392- 
9 


w 


oS 


7 Reintgen D, Cruse CW, Wells K, Berman C, Fensken N, Glass 
F et al. The orderly progression of melanoma nodal metastases. 
Ann Surg 1994; 220: 759-67. 

8 Alex JC, Krag DN. Gamma-probe guided localization of 
lymph nodes Surg Oncol 1993; 2: 137-43 

9 Giuliano AE, Kirgan DM, Guenther JM, Morton DL. 
Lymphatic mapping and sentinel lymphadenectomy for breast 
cancer. Ann Surg 1994; 220: 391-8. 

10 Veronesi U, Paganelli G, Galimberti V, Viale G, Zurrida S, 
Bedon M et al. Sentinel-node biopsy to avoid axillary 


ww.bjs.co.uk Briush Journal of Surgery 2002, 89, 604-608 


608 Radio-guided sentinel node detection for gastric cancer + Y. Kitagawa, H. Fujii, M. Mukai, T. Kubota, Y. Otani and M. Kitajima 


1l 


dissection in breast cancer with clinically negative lymph- 
nodes. Lancet 1997; 349: 1864-7. 

Borgstein PJ, Meijer S, Pijpers R. Intradermal blue dye to 
identify sentinel lymph-node in breast cancer. Lancet 1997; 
349: 1668-9. 

Turner RR, Ollila DW, Krasne DL, Giuliano AE. 
Histopathologic validation of the sentinel node hypothesis for 
breast carcinoma. Ann Surg 1997; 226: 271-6. 

Bilchik AJ, Giuliano A, Essner R, Bostic P, Kelemen P, Foaha g 
LJ et al. Universal application of intraoperative lymphatic 
mapping and sentinel lymphadenectomy in solid neoplasms. 
Cancer F Sci Am 1998; 4: 351-8. 


14 Japanese Gastric Cancer Association. Japanese Classification of 


15 


Gastric Carcinoma. 13th ed. Tokyo: Kanehara, 1999, 

Leong SP, Morita ET, Treseler PA, Wong JH. 
Multidisciplinary approach to selective sentinel lymph node 
mapping in breast cancer, Breast Cancer 2000; 7: 105-13. 


16 Joosten JJ, Strobbe LJ, Wauters CA, Pruszczynski M, Wobbes 


British Journal of Surgery 2002, 89, 604-608 


T, Ruers TJ. Intraoperative lymphatic mapping and sentinel 
node concept in colorectal carcinoma. Br 7 Cancer 1999; 86: 
482-6. 


17 


18 


19 


Saha S, Nora D, Wong JH, Weise D. Sentinel lymph node 
mapping in colorectal cancer — a review, Surg Clin North Am 
2000; 80: 1811-19. 

Saha S, Wiese D, Badin J, Beutler T, Nora D, Ganatra BK et al. 
Technical details of sentinel lymph node mapping in colorectal 
cancer and its impact on staging. Ann Surg Oncol 2000; 7: 120- 
ae 

Tsioulias GJ, Wood TF, Morton DL, Bilchik AJ. Lymphatic 
mapping and focused analysis of sentinel lymph nodes upstage 
gastrointestinal neoplasms. Arch Surg 2000; 135: 926-32. 
Hiratsuka M, Miyashiro I, Ishikawa O, Furukawa H, 
Motomura K, Ohigashi H et a/. Application of sentinel node 
biopsy to gastric cancer surgery. Surgery 2001; 129: 335-40. 
Ohgami M, Otani Y, Kumai K, Kubota T, Kim YI, Kitajima M. 
Curative laparoscopic surgery for early gastric cancer: five 
years experience. World F Surg 1999; 23: 187-93. 

Kitagawa Y, Fujii H, Mukai M, Kubota T, Ando N, Watanabe 
M et al. The role of sentinel lymph node in gastrointestinal 
cancer, Surg Clin North Am 2000; 80: 1799-809. 


entrar erent tere ferent e r r mrad pape 


If you wish to comment on this, or any other article published in the BFS, please 
visit the on-line correspondence section of the website (www. bjs.co.uk). 
Electronic communications will be reviewed by the Correspondence Editor 
and a selection will appear in the correspondence section of the Journal. Time 
taken to produce a thoughtful and well written letter will improve the chances of 


publication in the Journal. 


Seares ne perenne 


www. bjs.co.uk 


@ 2002 Blackwell Science Led 


NE He me 


| a ee 
| Original article | 


Extended preservation of non-heart-beating donor livers with 
normothermic machine perfusion 


S. D. St Peter, C. J. Imber, L Lopez, D. Hughes and P. J. Friend 


Nuffield Department of Surgery, Oxford Unrvermty, John Radchffe Hospital, Oxford OX3 9DU, UK 
Correspandence te’ Professor P. J. Frend (e-mail- peter fnend@surgery.ox acuk) 


Baokground Non-heart-beating donor (NHBD) livers represent an important organ pool, but are 
seldom utilized clinically and require rapid retrieval and implantation. Experimental work with 
oxygenated perfusion during preservation has shown promising results by recovering function in these 
livers. This study compared sanguinous perfusion with cold storage for extended preservation of the 
NHBD Hirer in a porcine model. 

Methode: Porcine livers were subjected to 60 min of # vivo total warm ischaemia before flushing, after 
which they were preserved by one of two methods: group 1 (s = 4), University of Wisconsin (UW) 
solution by standard cold storage for 24 h; group 2 (s = 4), oxygenated autologous blood perfusion on 
an extracorporeal circuit for 24 h. All livers were subsequently tested on the circuit during a 24-h 
reperfusion phase. 

Reeulte: Livers in group 1 showed no evidence of viability during the reperfusion phase with no bile 
production or glucose utilization; they also displayed massive necroais. Livers in group 2 demonstrated 
recovery of function by synthetic function, substrate utilization and perfusion haemodynamics; these 
livers displayed less cellular injury by hepatocellular enzymes. All differences in parameters between the 
two groups were statistically significant (P < 0-05). These findings were supported by histological 
examination. 

Conciusiom Warm ischaemia for 1 h and simple cold storage (UW solution) for 24 h renders the liver 
non-viable. Oxygenated, sanguinous perfusion as a method of preservation recovers liver function to a 
viable level after 24 h of preservation. 


Presented to a meeting of the Associanon of Surgeons, Birmingham, UK, 25-27 April 2001, and published ın abstract 


form as Br 7 Serg 2001, 88(Suppl 1} 36-7 
Paper accepted 12 December 2001 


Introduction 


Non-heart-beating donor (NHBD) livers represent a 
potential pool of organs that could significantly reduce 
the large discrepancy between supply and demand for liver 
transplantation’. The current method of preserving livers 
by simple cold storage subjects the organ to a further period 
of ischaemia, increasing the level of injury, and usually 
leaving the organ unfit for transplantation’. The cold- 
stored NHBD organ undergoes injury at four consecutive 
stages: (1) prior to retrieval (warm ischaemia), (2) during 
cold storage ischaemia, (3) during ischaemic rewarming 
(warm ischaemia) and (4) at reperfusion. Consequently, 
clinical experience with the NHBD liver has been 
limited*°. When cardiac arrest occurs outside the 
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operating room, there is a high rate of primary non- 
function*. It is for these reasons that the NHBD liver is 
rarely used; however, in view of the excess of demand over 
supply in liver transplantation, and the lack of any 
alternative means of providing long-term support to 
patients with liver failure, it 1s important to develop 
methods that make use of NHBD livers. 

The use of NHBD donor livers that have experienced 
substantial injury from warm ischaemia during the period of 
arrest would require the capability of ameliorating the 
ischaemic cellular changes either before or during the 
preservation period. It was hypothesized that perfusing 
the liver with an oxygenated perfusate supplemented with 
nutritional support at body temperature during the 
preservation period might be a way of accomplishing this 
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goal. By these means, depleted cellular substrates could be 
restored during preservation, allowing the organ to tolerate 
the warm ischaemic period of surgical anastomosis and 
reperfusion. 

This study investigated the use of oxygenated, nor- 
mothermic perfusion of NHBD livers during the preserva- 
tion period as an alternative to cold storage. Preservation by 
normothermic blood perfusion was compared directly with 
simple cold storage in the porcine model after 60 min of 
warm ischaemia. 


Methods 


Operation 


White Landrace pigs (40 kg) were premedicated intramus- 
cularly with ketamine (Ketaset™; IDIS, Surbiton, UK) 
10 mg/kg and midazolam (Hypnovel®; Roche, W elwyn 
Garden City, UK) 1 mg/kg. General anaesthesia was 
induced with propofol (Diprivan®; AstraZeneca, King’s 
Langley, UK) 0-5 mg/kg given intravenously, and main- 
tained by an intravenous infusion of propofol (1 mg per kg 
per h) together with halothane inhalation via an extended 
endotracheal tube. 

Upon laparotomy the porta hepatis was dissected to 
delineate the anatomy. The common bile duct was ligated 
and divided. The infrahepatic vena cava, portal vein 
and arterial anatomy were each identified. After 
20 000 units of standard human heparin (Multiparin®; CP 
Pharmaceuticals, Wrexham, UK) had been injected directly 


40-kg pigs: (1) Exsanguinated (4 units) 






(2) intracardiac potassium 
chloride injection 





in vivo flush with cold EC solution after 
exactly 60 min of arrest and 
harvest completed 






Standard flush and cold} | Sanguinous, oxygenated perfusion 
with autologous blood at 38°C on 
extracorporeal circuit for 24 h 


Storage in UW solution 
for 24h 


45-min cold flush 






Reperfusion on extracorporeal circuit 
with autologous blood for 24 h to 
assess function 






into the aorta and allowed to circulate, a 10-Fr cannula 
(Medtronic, Watford, UK) was placed into the abdominal 
aorta and 4 units blood were taken. Cardiac arrest was then 
induced by intracardiac injection with 10 ml potassium 
chloride. A period of circulatory arrest of exactly 60 min 
was observed in every case before flushing the liver with 
3 litres cold Eurocollins solution (Soltran®; Baxter, 
Compton, UK). The livers were then assigned to a 
preservation period of either simple cold storage in 
University of Wisconsin (UW) solution (Viaspan®; Du 
Pont, Stevenage, UK) or machine perfusion according to 
the experimental design outlined below. 


Experimental design (Fig. 1) 


The livers were the preserved for 24 h in one of two groups: 
group | (7 = 4) ~ flushed and preserved in cold storage for 
24 hin UW solution; group 2 (7 = 4)~ placed on an isolated 
perfusion circuit with whole blood at 38°C. 


Reperfusion period 


All livers were tested for function after the preservation 
period by using an extracorporeal circuit to perfuse the 
livers with whole bleod at body temperature as a surrogate 
for transplantation. To replicate surgical anastomosis, both 
groups were flushed after preservation with 2 litres non- 
oxygenated cold Eurocollins solution and left for 45 min 
before being flushed with a warm plasma substitute 
(Gelofusine®; B. Braun, Sheffield, UK) and reperfused on 


Preservation 


Fig. 1 Experimental design. EC, Eurocollins; UW, University of Wisconsin 
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the extracorporeal circuit. The blood used to perfuse livers 
in group 2 was changed between the preservation and 
reperfusion phases so that a fair comparison of physiological 
parameters could be made. 


Assessment of function 


Arterial blood gases, venous blood gases, blood glucose, 
haemodynamics and bile production were also documented 
every hour of the reperfusion phase. Perfusate was sampled 
every hour for the first 8 h of the reperfusion period and 
every 4 h thereafter for conventional liver function testing 
and estimation of urea and electrolyte levels. 

Full blood count and factor V samples were taken every 
2 h for the first 8 h, and then every 4 h. Galactose clearance 
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was measured at 12 and 24 h of reperfusion. At the end of 
each perfusion, the liver was sectioned and multiple random 
samples were assessed histologically for evaluation of 
reperfusion injury. 


Perfusion circuit 


The circuit consisted of an oxygenator (1500 ECMO 
Oxygenator; Medtronic), a heat exchanger (Ecmotherm 
Il HE; Medtronic), a centrifugal pump (BP50 Centrifugal 
Pump; Medtronic), an 800-ml venous reservoir bag 
(Medtronic) and polyvinylchloride tubing (Medtronic) 
with an internal diameter of 1/4 and 3/16 inches (Fig. 2). 
During priming, the perfusion circuit was supplemented 
with 9-2 mmol calcium chloride, 20 mmol sodium bicar- 
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Fig. 2 Extracorporeal perfusion circuit. FP, flow probe; IMED, infusion pump; P, pressure, q, flow; ive, inferior vena cava; ha, hepatic 


artery; pv, portal vein 
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bonate and 7000 units heparin in all cases. ‘Temperature 
was maintained at 38°C. The circuit was supplemented with 
a continuous infusion of prostacyclin (Flolan®; Glaxo 
Wellcome, Uxbridge, UK) at 4 ml/h, 2 per cent taurocholic 
acid (Sigma, Watford, UK) at 7 ml/h and nutrition 
(Nutriflex®; B. Braun) at 17 ml/h. Nutrition consisted of 
96 g amino acids and 300 g anhydrous glucose in 2 litres of 
solution, while fats were excluded. Regular human insulin 
(Humulin®; CP Pharmaceuticals), 100 units, was added to 
each bag. Heparin, 3000 units, was added every 4 h. 

While attempting to keeping the extracorporeal circuit 
user-friendly, it is imperative that it simulates the in vivo 
physiological environment as closely as possible. Thus it 
was made up of two circuits in parallel, the arterial arm 
being fed directly from the centrifugal pump (high pressure) 
and the portal arm being fed passively from a venous 
reservoir by gravity (low pressure). Efferent was retrieved 
via the suprahepatic caval cannula and blood returned to the 
pump, after which the blood was oxygenated and warmed. 
During preservation, physiological flows and pressures 
were maintained in the hepatic artery, portal vein and vena 
cava by controlling pump head speed and adjustment of gate 
clamp resistance. At the initiation of the reperfusion phase, 
the pump was maintained at a set rate (2600 cycles per 
minute) so that the flows and pressures within the vessels 
could be used as an indication of viability. 


Statistical analysis 


Statistical analysis was performed using Welch’s t test 
(assumption of unequal variances), with each timepoint 
reflecting the mean of four perfusions. P < 0-05 was 
considered significant. The comparisons were made 
between the two groups for each individual parameter at 
each equal timepoint in perfusion. 


Results 


Upon reperfusion, none of the cold-stored livers of group | 
demonstrated any sign of viability throughout the reperfu- 
sion phase. The machine-perfused livers in group 2 
functioned well throughout the reperfusion phase. The 
comparative data are outlined below. 


Hepatocellular damage 


Mean levels of alanine aminotransferase (ALAT) rose 
sharply upon reperfusion in group 1 livers (Fig. 3) 
compared with levels seen in group 2. This was statistically 
significant by 1 h of reperfusion (P = 0-016) and at all 
timepoints thereafter. The rise in ALAT concentration 
continued throughout reperfusion of the livers in group I, 
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Fig. 3 Demonstration of massive hepatocellular lysis in group | 
livers with a progressive rise in alanine aminotransferase (ALAT) 
levels. Values are the mean(s.e.m.) of four experiments, P < 0.05 
for all timepoints (Welch’s ¢ test) 


with relatively little increase seen in group 2 during the same 
time period. Mimicking the ALAT curves, aspartate 
aminotransferase (ASAT) levels in group 1 livers rose 
rapidly to 3810 units/l after 1 h of reperfusion, whereas the 
mean level of ASAT in group 2 was only 259 units/I after 
1 h of reperfusion (P = 0.036). The differences between the 
two groups were significant at all timepoints. The mean 
level of lactate dehydrogenase rose to 2985 units/I in group 
l livers by 1 h of reperfusion, compared with 1158 units/I in 
group 2. The differences between the two groups continued 
to grow throughout reperfusion and were statistically 
significant from 2 h onwards. 


Synthetic function 


The cold-stored livers of group 1 produced no bile after 
reperfusion in any of the four perfusions. In addition, these 
livers displayed haemorrhagic output from the biliary 
system. The perfused livers of group 2 recovered bile 
function of up to 10 ml/h. The differences were statistically 
significant at all timepoints (Fig. 4). 

Factor V levels fell in group 1 to 12 units/dl at 24 h, while 
livers in group 2 maintained synthetic function throughout 
reperfusion, with a level of 263 units/dl at 24h. The 
differences were statistically significant from 4 h onwards. 


Metabolic function 


Livers in group | showed no evidence of glucose consump- 
tion. Perfusate glucose levels remained above the upper 
limit of detection throughout reperfusion. In contrast, 
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Fig. 4 Group 2 livers produced bile throughout the reperfusion 
phase, whereas group | Irvers made no bile. Values are the 
mean(s.e.m.) of four experiments. P < 0.05 for all umepoints 
(Welch’s t test) 
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Fig. 6 Metabolic activity is still present after 24 h of machine 
preservation as demonstrated by the glucose utilization curve for 
group 2 livers. Values are the mean(s.e.m.) of four experiments. 
P < 0-05 for all timepoints (Welch’s ¢ test) 


group 2 livers demonstrated glucose utilization throughout 
reperfusion (Fsg. 5). 


Haemodynamics 
The mean total hepatic blood flow in group 1 decreased 


throughout the reperfusion phase to 0-44 l/min at 24 h, 
compared with 1-40 I/min at 24 h in group 2 (P = 0-005). 
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Fig. 6 Portal flow deteriorates throughout reperfusion in group 
1 livers, presumably due to progressive destruction of sinusoidal 
and tissue architecture, Values are the mean(s.e.m.) of four 
experiments. P < 0-05 for all timepoints after 10 h (Welch’st 
test) 


Both portal and arterial flow followed sumilar curves, with 
diminishing values seen in group 1. The portal flow, similar 
to total flow, was significantly greater ın group 2 livers, with 
a widening difference throughout reperfusion (Fig. 6). 


Haemolysis 


Despite both groups having no significant difference in 
haemoglobin concentration at the commencement of 
reperfusion (mean(s.d.) 7-6(1-3) g/dl in group 1 versus 
6-8(2-2) g/dl in group 2), the perfusate in group 1 
demonstrated massive haemolysis immediately, such that 
the blood gas machine could no longer detect the sample 
shortly after reperfusion. A measurable level of haemoglo- 
bin was present in the 2-h sample in only one of the 
experiments from this group (mean 0-98 g/dl at 2 h). By 
contrast, livers in group 2 maintained measurable haemo- 
globin levels throughout reperfusion. The mean haemo- 
globin at 2 h was 5-55 g/dl (P = 0-02). 


The group 2 livers showed diffuse, mild vacuolization and 
sinusoidal dilatation with minimal to no necrosis and 
preserved tissue structure. Livers in group 1 displayed 
diffuse hepatocellular necrosis (more than 66 per cent per 
high-power field), sinusoidal haemorrhage and architec- 
tural destruction (Fig. 7). 
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Fig. 7 a Gross hepatocellular necrosis, sinusoidal haemorrhage 
and architectural destruction diffusely present. b Mild 
vacuolization and sinusoidal dilatation with viable hepatocytes 
and preserved tissue structure 


This experiment was based on data that oxygenated 
perfusion of NHBD livers will promote cellular recovery 
from warm ischaemic injury. Without perfusion, cold 
storage exacerbates the injury by subjecting the organ to 
additional (cold) ischaemia; then, during surgical anasto- 
mosis in the recipient, another period of warm ischaemia. 
‘These consecutive ischaemic periods facilitate the progres- 
sion of cellular injury to a state that is not compatible with 
recovery upon reperfusion. It is therefore essential to 
restore cellular energy levels between retrieval and reim- 
plantation for NHBD livers. 
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Previous studies have shown that perfusion prior to 
harvesting of the NHBD liver can restore cellular energy 
levels before cold storage. Total body reperfusion with 
cardiopulmonary bypass (CPB) using autologous blood 
after 30 min without ventilation was shown to revive total 
adenosine 5’-triphosphate (ATP) content in porcine livers 
and kidneys. Conditioning the liver with 30 min of 
normothermic isolated perfusion in vivo, using whole 
blood, has been shown to increase mitochondrial ATP 
content after 10 min of circulatory arrest in the porcine 
model’. CPB for only 10 min after 30 min of arrest, at 
37°C, provided functional recovery of the heart, liver and 
kidney in the canine model”, In the porcine transplant 
model, CPB for systemic perfusion with cold, oxygenated 
Eurocollins solution restored tissue energy charge after 
10 min of arrest”. These livers were then cold-stored for 5 h 
and transplanted with a survival rate of 100 per cent in the 
perfused group, while there were no recipient survivors in 
the control group (no perfusion). The largest study utilizing 
preharvest perfusion to salvage NHBD livers in the 
transplant model comes from Barcelona!”. In this study, 
pigs were assigned progressive circulatory arrest time, 
followed by CPB to perfuse the livers in vivo for 30 min 
prior to cold storage and transplantation. The control 
group did not undergo bypass before cold storage. The 
transplant survival rate was related significantly to warm 
ischaemia time. However, even after 40 min ofarrest, 50 per 
cent survived in the perfused group, whereas there were no 
survivors in the control group after only 20 min of arrest. 
This work showed that bypass did regenerate tissue energy 
charge, and that maintenance of these energy stores after 
arrest correlated with post-transplant survival! ™??, 

Cellular substrates can also be restored after the NHBD 
liver has been harvested. Sanguinous perfusion of isolated 
porcine livers at body temperature for 3 h has been shown 
to resuscitate basic liver function on a perfusion circuit after 
75 min of arrest'’*. In this study, perfusion was initiated 
immediately after harvest, representing the final phase of 
the experiment. This shows that sanguinous perfusion upon 
retrieval does restore liver integrity after a period of warm 
ischaemia. The present study confirmed these findings with 
the excellent function observed in group 2 livers during the 
preservation period. 

Delivery of oxygen during the preservation period has 
previously been shown to be successful in the NHBD model 
by various methods. Persufflation of oxygen during cold 
storage in UW solution resulted in 100 per cent recipient 
survival in an experimental group of pigs after 45 min of 
arrest, while all the controls without persufflation died'*, In 
a separate study, machine perfusion of the pig liver through 
the hepatic artery with acellular perfusate (UW-gluconate) 
resulted in a transplant survival rate of 80 per cent after 
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90 min of hypotension and a brief period of arrest, while the 
control group (cold storage) displayed a 25 per cent survival 
rate’, 

Schon etal.'® subjected porcine livers to 1 h of warm 


ischaemia before harvesting, but by preserving them for 4 h 
with normothermic extracorporeal perfusion using blood as 


the perfusate they were able to display excellent post- 
transplant function in a group of six pigs. Also in this study, a 
group of six pigs with the same warm ischaemia time showed 
no survivors after preservation in cold UW solution for 4 h. 
This work clearly delineates the benefit of sanguinous 
perfusion during preservation, but it should be noted that 
the preservation period was only 4 h, which is of marginal 
clinical applicability. Also, their perfusion circuit included 
diap tic replication and dialysis, based on previous 
work'’”’?, In the present study excellent results were 
achieved after 24 h of perfusion without these additions. 
Schon’s group did not provide nutrients, bile salts or 
prostacyclin for their perfused livers. 

In the present study normothermic perfusion was used 
for an extended preservation period of 24 h. To simulate the 
transplant model as closely as possible, the livers in group 1 
were taken off the circuit after 24 h of machine preserva- 
tion, and a 45-min period of ischaemia was initiated by 
flushing with cold Eurocollins solution followed by warm 
colloid. This subjected the livers to ischaemic periods of 
cooling and rewarming before reperfusion. 

The results of this experiment show, as expected, that 1 h 
of warm ischaemia followed by 24 h of cold storage in UW 
solution results in a completely non-viable organ. However, 
24 h of normothermic perfusion preservation produces a 
functioning liver, despite the same ischaemic injury. The 
perfused livers in group 2 made bile, utilized glucose, 
maintained stable haemodynamics and displayed histologi- 
cal features of viability, confirming the hypothesis that 
perfusion during the preservation period restricts the level 
of ischaemic injury in the NHBD liver. These results 
provide a powerful argument for the value of oxygenated 
perfusion during preservation as the length of both the 
arrest time and the preservation time were longer than those 
in other studies. A preservation period of 24 h is much 
longer than the pig liver will normally tolerate, yet the livers 
in group 2 demonstrated good preservation even when this 
was compounded by 60 min of arrest. Furthermore, 
perfusing NHBD livers throughout the preservation period 
not only replenished cellular substrate, ameliorating the 
ischaemic injury, but provided a clear assessment of liver 
function. This technique, in combination with the use of a 
variety of viability markers, could permit the use of severely 
injured organs with reassurance of function. 

It is concluded that sanguinous perfusion as a method of 
preservation is potentially a technically feasible means of 
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providing viable organs after significant warm ischaemic 
injury and an extended period of preservation. The next step 
in validating this technique of perfusion preservation to 
salvage NHBD organs will require demonstration of 
function and recovery after transplantation. 
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Backgrounds Port-site metastases after laparoscopic surgery may occur with greater frequency than 
would be expected following open resection of intra-abdominal malignancies, but the causal mechanism 
for this is incompletely understood. The possibility that insufflation may increase peritoneal blood flow 
producing a wound environment conducive to the formation of metastases was investigated. 

Methods The effects of insufflation gas type and pressure were studied in 30-kg female pigs. Pigs were 
divided into five groups, which were subjected to insufflation at 12 mmHg pressure with helium, 
insufflation at 12, 8 or 4 mmHg pressure with carbon dioxide, or laparotomy. A microsphere technique 
utilizing two distinct radiotracers, "IT c-labelled macroaggregated albumin (MAA) and *!Cr-labelled 
MAA, was used to study blood flow to the peritoneum, liver and kidneys. 

Reeulte: Insufflation with carbon dioxide or helium gases had no effect on renal (P < 0-09) or hepatic 
blood flow (P = 0-54). However, insufflation significantly increased peritoneal blood flow when carbon 
dioxide (P < 0-05), but not when helium (P = 0-99), was used as the insufflating gas. 

Conchision: These data suggest that blood flow within the peritoneum is influenced by insufflation with 
carbon dioxide. It is conceivable that such hyperaemia could increase the propensity for implanted 


tumour cells to metastasize in these sites following laparoscopy. 


Paper accepted 11 January 2002 


introduction 


While a majority of surgeons might be expected to use a 
laparoscopic approach for procedures such as cholecystect- 
omy and fundoplication, fewer use laparoscopic techniques 
for appendicectomy and hernia repair, and fewer still for 
colectomy. Laparoscopic colectomy has failed to gain 
widespread adoption for several reasons. Enthusiasm was 
damped by initial studies in which a relatively high number 
of patients developed wound (port site) metastases’, and 
there is continuing debate both over the oncological safety 
of this procedure and the true incidence of wound 
metastasis compared with that in open surgery. 
Additionally, laparoscopic colectomy can be technically 
complex, with a long learning curve and a high conversion 
rate*”. Despite this, there are proven benefits for patients 
following laparoscopic colectomy, including reduced hos- 


pital stay, less postoperative pain and improved cosmesis*. 
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Previous research has demonstrated that the direct 
spread of tumour cells to trocar sites is a feasible causal 
explanation for at least some trocar-site metastases’. 
However, as direct spread is also likely to occur to 
open wounds during laparotomy, it is difficult to 
explain why trocar-site metastases might occur with 
greater frequency than wound metastases. 

The present study was designed to test two hypotheses: 
first, that insufflation with carbon dioxide produces local 
vasodilatation in the peritoneum and thus may improve the 
‘soil’ for the metastatic ‘seeds’ to implant in and, second, 
that helrum does not alter peritoneal blood flow as this gas is 
biologically inert. Furthermore, since abdominal insuffla- 
tion can produce oliguria®’ and occasionally even acute 
renal failure®, the effect of insufflation with carbon dioxide 
at varying pressures and of an alternative gas (helium) on 
blood flow in other intra-abdominal tissues was also 
investigated. 
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Materials and methods 


Preparation of radiopharmaceuticals 


Dy rye s s 
”™T e-radiolabelled macroaggregated albumin (MAA) was 


prepared using an MAA cold kit (TechneScan®: 
Mallinckrodt Medical, St Louis, Missouri, USA) to which 
was added 60-120 MBq ”""T'c-radiolabelled sodium per- 


MAA was prepared as reported elsewhere’. Briefly, 3-25 mg 
sodium dithionite in 1 ml water for injection was added to 
an MAA cold kit, followed by 4 MBq sodium 
['Crjchromate in 4 ml saline (Australian Radioisotopes, 
sydney, New South Wales, Australia). After 10 min atroom 
temperature, the kit was centrifuged at 700-800¢ for 5 min. 
The supernatant was discarded and the pellet was washed 
twice before being resuspended in 4 ml 0-9 per centsaline. A 
mean(s.e.m.) dose of 1-6(0-6) MBq *'Cr-labelled MAA was 
administered. The *!Cr-labelled MAA and 9°" Tc-labelled 
MAA doses each had an equal number of particles 
(2-9(1-4) 10°). 

Radiochemical purity (RCP) was determined using the 
membrane filtration method'®. Only radioactive kits with 
more than 95 per cent RCP were used in these experiments. 


Operative protocol 


Experiments performed with pigs complied with the code of 
practice for the care and use of animals in research in 
Australia, National Health and Medical Research Council, 
1997. The protocol was approved by the animal ethics 
committees of the Institute of Medical and Veterinary 
Science, University of Adelaide and Queen Elizabeth 
Hospital. 

Twenty-five female domestic 30-kg pigs were used. They 
were were allowed clear fluids only for 12 h before 
operation. Pigs were divided into five groups: group 1, 
insufflation ata pressure of 12 mmHg with helium; group 2, 
insufflation at a pressure of 12 mmHg with carbon dioxide; 
group 3, insufflation at a pressure of 8 mmHg with carbon 
dioxide; group 4, insufflation ata pressure of 4 mmHg with 
carbon dioxide; and group 5, laparotomy. 

The pigs were premedicated with intramuscular keta- 
mine 300 mg (Troy Laboratories, Smithfield, New South 
Wales, Australia) and anaesthesia was maintained by 
halothane (induction 3 per cent, maintenance 1-5 per 
cent) via a cuffed endotracheal tube. Each pig was secured 
by adhesive tape (Millipore, Bedford, Massachusetts, USA) 
to an operating table in a supine position. The left femoral 
artery was then cannulated and a radio-opaque catheter (6- 
Fr twin-lumen central venous line: Arrow, Reading, 
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Pennsylvania, USA) was advanced into the descending 
aorta; the latter was screened fluoroscopically to confirm its 
position before it was secured with a 0 silk ligature (Ethicon, 
North Ryde, New South Wales, Australia). 

The right carotid artery was exposed similarly and bathed 
in 2 ml 1 per cent lignocaine solution (Astra Pharma- 
ceuticals, North Ryde, New South Wales, Australia) before 
being cannulated with a catheter (8-Fr coronary catheter 
(Cordis™; Johnson and Johnson, Ascot, UK)). This 
catheter was advanced into the left ventricle; its position 
was confirmed fluoroscopically and checked by injecting 
10 ml contrast agent (Urovision®; Schering, ‘Tempe, New 
South Wales, Australia), after which it was secured with a 
silk ligature. 

A dose of 20 MBq ?""Tc-labelled MAA in 1 ml was 
injected into the left ventricle followed by a flush with 5 ml 
0-9 per cent saline. Ten seconds before this injection, a 
reference blood sample was withdrawn from the descending 
aorta over 2 min at 10 ml/min by a Harvard infusion/ 
withdrawal pump (Stansen Scientific, Collingwood, 
Victoria, Australia). In the laparotomy group, a 15-cm 
midline laparotomy incision was made, which was then 
covered by a moist saline-soaked pack. In the insufflation 
groups, three 11-mm laparoscopic trocars (Endopath®; 
Johnson and Johnson Medical, North Ryde, New South 
Wales, Australia) were inserted at the umbilicus, right iliac 
fossa and left hypochondrium. The abdomen was insuf- 
flated to 4, 8 or 12 mmHg pressure with carbon dioxide gas 
or to 12 mmHg with helium. After the laparotomy or 
insufflation had been established for 30 min, 2 MBq “Cr- 
labelled MAA in 1 ml was injected into the left ventricle, 
followed by a 5-ml saline flush. A further blood sample was 
obtained from the descending aorta. 

Pigs were then killed by intravenous injection of 20 ml 
Lethobarb” (pentobarbitone 325 mg/ml; Virbac Australia, 
Peakhurst, New South Wales, Australia). If not already 
done, a laparotomy was performed and both kidneys were 
removed. Any residual blood was allowed to drain from 
these organs before they were placed in plastic specimen 
bags, sealed and weighed. The peritoneum was stripped 
from the anterior abdominal wall on both sides until it 
became attached posteriorly, and then sealed ina plastic bag 
and weighed. 


Data acquisition 


The radioactivity of each organ and both reference blood 
samples were all counted at 24 h for °™Tc and at 6 days for 
“Cr deposition. A previous validation confirmed that at a 
eTe : *ICr dose ratio of 20 : 2, °'Cr y-energy emissions 
were sufficiently low as to have no effect on the ™Te 
counts at 24 h after injection for each specimen, and that no 
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Table 1 Renal blood flow changes measured in anaesthetized 
animals before and after laparoscopy or laparotomy 





Values are mean(s.e.m.). *f test 


interference from residual °""Tc energy affected °'Cr 
counts of the same specimens after 6 days. 

The specimens were counted in triplicate in a large- 
volume counter (Biosentry; AEI-EKCO, Australia) linked 
to a multichannel analyser (Model 3100; Canberra 
Industries, Meriden, Connecticut, USA), over a 130-150- 
KeV ”™Tc window and a 250-400-KeV *'Cr window. 
Dissected organs and blood samples were stored in a 
refrigerator (4°C) during the counting period. All counts 
were adjusted for background activity and decay. 

In calculating organ blood flows, the number of counts 
within each reference blood sample (chromium, technetium) 
was divided by the volume of blood (V) and 2-min collection 
period according to the formula c = 7/2 V, to give counts per 
millilitre per minute of blood (Cchromium, technetium). Blood 
flow (brenah peritoneum) Was then determined by dividing the 
isotope-specific counts within each organ (6;enals Operitoneum 
etc.) with corresponding values from the reference blood 
samples above according to the formula $ = o/c. 


Statistical analysis 


Values are expressed as mean(s.e.m.). Differences between 
baseline and treatment values were analysed by paired f test 
to determine the effect of each insufflation pressure. SPSS 
(version 10.0) (SPSS, Chicago, Illinois, USA) was used to 
analyse data using paired and independent-sample ż tests. 
Hierarchical linear modelling (HLM/2L, version 5.0; 
Scientific Software International, Chicago, Illinois, USA) 
was used to determine whether insufflation pressure or gas 
type (carbon dioxide versus helium) influenced organ blood 
flow, the percentage variance and variance type of the 
composite data. P < 0-05 was considered statistically sig- 
nificant for univariate and multivariate analyses. 


Results 
Of the total group of 25 pigs, three died under anaesthesia 


from malignant hyperthermia before completion of the 
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Fig. 1 Mean(s.e.m.) renal blood flow measured in anaesthetized 
animals before and after laparoscopy or laparotomy 


experimental protocol. Autopsies were performed on all 
these animals and no other abnormalities were detected. 

Blood flow results were available for five pigs that had 
insufflation with helium at a pressure of 12 mmHg (group 
1), four pigs that had insufflation with carbon dioxide at a 
pressure of 12 mmHg (group 2), five pigs that had 
insufflation with carbon dioxide at a pressure of 8 mmHg 
(group 3), three pigs that had insufflation with carbon 
dioxide at a pressure of 4 mmHg (group 4) and five pigs that 
had a laparotomy (group 5). 


Renal blood flow 


Mean renal blood flow was 14-0(18-0) ml per min per 100 g 
renal tissue before the creation of pneumoperitoneum or a 
laparotomy wound. Renal blood flow was unchanged in 
animals when a pneumoperitoneum was created with 
carbon dioxide at 12 and 4 mmHg, but it was significantly 
decreased at 8 mmHg. Insufflation with helium at 
12 mmHg had no significant effect on renal blood flow; 
however, creation of a laparotomy wound significantly 
decreased renal blood flow (Table 1 and Fig. I). There was a 
wide variation in renal blood flow between animals, 
although concordance between left and right renal blood 
flows was good (P = 0-99). In analysis of all data, 
hierarchical linear modelling suggested that both gas type 
and pressure had no significant effect on renal blood flow 
(P = 0-09 and P = 0-18 respectively). 


Hepatic artery blood flow 


Mean hepatic artery flow was 17-2(2-8) ml per min per 
100 g hepatic tissue before the creation of pneumoperito- 
neum or a laparotomy wound. Insufflation with carbon 
dioxide or helium resulted in no significant change in blood 
flow within the hepatic artery despite a wide range of 
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Table 2 Hepatic artery blood flow measured in anaesthetized 
animals before and after laparoscopy or laparotomy 





Values are mean(s.¢.m.). *? test 
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Fig. 2 Mean(s.e.m.) hepatic artery blood flow measured in 
anaesthetized animals before and after laparoscopy or 
laparotomy 


insufflation pressures (P = 0-54 for analysis of all insuffla- 
tion pressures). Laparotomy produced no significant blood 
flow changes in the hepatic artery (Table 2 and Fig. 2). 


Peritoneal blood flow 


Mean peritoneal blood flow was 3.7(0-5) ml per min per 
100 g peritoneal tissue before the creation of pneumo- 
peritoneum or a laparotomy wound. Blood flow to the 
peritoneum was significantly increased both by a lapar- 
otomy incision (P = 0-027) and by insufflation with carbon 
dioxide at 8 mmHg (P = 0-001) and 12 mmHg (P = 0-002) 
(Table 3 and Fig. 3). However, the greatest peritoneal blood 
flows resulted from the insufflation of carbon dioxide at 
12 mmHg. It is possible that the small sample size of 
group 4 (4 mmHg carbon dioxide) contributed to the 
non-significant difference observed with this insufflation 
pressure, as the rest of the data for carbon dioxide 
pheumoperitoneum clearly suggested a marked trend for 
increased peritoneal blood flow with carbon dioxide 


British Journal of Surgery 2002, 89, 617-622 www.bjs.co.uk 





Table 3 Peritoneal blood flow measured in anaesthetized 
animals before and after laparoscopy or laparotomy 
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Fig. 3 Mean(s.e.m.) peritoneal blood flow measured in 
anaesthetized animals before and after laparoscopy or 
laparotomy 


insufflation; alternatively a pressure of 4 mmHg was too 
low to induce significant alterations in peritoneal blood 
flow. Blood flow to the peritoneum was unchanged when 
helium was used as the insufflating gas at a pressure of 
12 mmHg (P = 0-99). 


Discussion 


Laparoscopic surgery produces many benefits following 
colorectal resection, including less impaired respiratory 
function'’, reduced pain!?~!°, a quicker recovery'®”'” and 
better cosmesis”’. However, the learning curve is undoubt- 
edly longer than that for other laparoscopic procedures such 
as laparoscopic cholecystectomy*”! and potentially the risk 
of wound (or port site) metastases is higher”. Most patients 
undergoing laparoscopic or laparoscopically assisted resec- 
tion of a colorectal malignancy are therefore currently 
enrolled in trials or have laparoscopic procedures per- 
formed for palliation. 
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Current surgical literature suggests that the direct spread 
of viable tumour cells to the wound sites is an important 
mechanism in the aetiology of port-site metastases. 
However, it is not clear whether this is the result of 
laparoscopic surgery causing increased dissemination of 
viable cells’* °° or the result of physiological changes 
induced by insufflation, which potentiate the development 
of such metastases. 

Carbon dioxide is absorbed across the peritoneum?’, 
leading to a localized increase in its partial pressure. This 
may produce reflex vasodilatation and thereby increase 
blood flow to tumour cells at the port sites. This mechanism 
was proposed to occur in laparotomy wounds as far back as 
the nineteenth century”®. 

Previous work has clearly demonstrated that insufflation 
pressures can have a profound effect on renal blood flow. 
London etal??? demonstrated that prolonged insufflation 
with carbon dioxide decreased renal blood flow by a 
maximum of 30 per cent and Shuto etal.’ recorded a 74 
per cent fall in renal blood flow in pigs subjected to a 20- 
mmHg insufflation, with similar results from both carbon 
dioxide and helium insufflation. However, it has also been 
shown that insufflation may have little effect on blood flow 
to intra-abdominal organs at insufflation pressures below 
10 mmHg"!. 

In the present study renal blood flow fell at all insufflation 
pressures with carbon dioxide (and following laparotomy), 
but this decrease was statistically significant only in the 
group undergoing insufflation at 8 mmHg. However, this 
may be related to the relatively shorter length of time under 
anaesthesia in this study than in previous work. It 1s also 
notable that, although readings were consistent between left 
and right kidneys, marked variation occurred between 
baseline renal blood flows; the variance was 49 per cent for 
all data, predominantly owing to interpig differences, and 
such differences with the small number of animals in each 
group may have masked some of the effect of insufflation. 
This potential source of error may have been reduced by 
measurement of cardiac output, permitting better standar- 
dization by allowing correlation with the proportion of 
cardiac output reaching the kidneys and peritoneum. 

Liver blood flow has been shown to decrease with carbon 
dioxide and helium insufflation’®, more so with helium than 
carbon dioride’’. In the present model, insufflation gas 
pressures of 12 mmHg or less produced no change in 
hepatic artery blood flow. It is likely that the diminution in 
total hepatic blood flow is related to changes within the 
portal circulation; indeed, several reports have demon- 
strated that ia naan reduces portal venous 
blood flow??”?, 

Marked changes occurred to peritoneal blood flow 
during carbon dioxide insufflation; an increase was demon- 
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strated at all insufflation pressures, but peritoneal blood 
flow was unaffected by helrom insufflation at 12 mmHg. It 
is therefore likely that the observed increases in peritoneal 
blood flow occurred as a result of local metabolic effects of 
carbon dioxide gas. This may partly explain the observed 
decrease in port-site recurrence rates in animal models 
when helium insufflation is compared with carbon dionde 
insuffation**”?, 

If current clinical studies confirm the safety of helium 
insufflation, it is suggested that this gas should be 
considered for insufflation during laparoscopic resection 
of malignancies. 
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Strategy for the surgical management of patients with 
idiopathic megarectum and megacolon (Br 7 Surg 2001; 
88: 1392-6) 


Sir 

There are several points that warrant discussion. First, variable 
criteria were used to make the diagnosis of mega-bowel and 
although the definition is not standardized’ all patients within 
a surgical outcomes study should satisfy the inclusion criteria. 

Second, the choice of surgical procedure is guided by 
proximal colonic function, as assessed by perfused-tube 
manometry. The authors suggest that this has been validated 
in patients with post-childbirth constipation, although one of 
the references relates to constipated children*. The use of thin- 
bore catheters in a large cavity viscus will underestimate and 
misinterpret phasic activity’. Management based on such 
results may be misguided. More appropriate methods include 
the intraluminal barostat’ or colonic scintigraphy’. 

Finally, we were surprised that vertical reduction recto- 
plasty’ was not mentioned as an additional option. Although 
this procedure i is not fully evaluated, early results have been 
promising with improvements in clinical and physiological 
function’. As the authors suggest, the results of restorative 
proctocolectomy, panproctocolectomy and proctectomy for 
this indication are mixed and, as in our study, limited to few 
patients. Proctectomy is a more radical pelvic procedure 
associated with significant morbidity and mortality, including 
disturbance of sexual and bladder function”. It would be of 
interest to know, therefore, whether the authors came across 
these complications in any of their patients. 

M. A. Gladman 
S. M. Scott 
P. J. Lunniss 
N. S. Williams 
Academic Department of Surgery and Gastrointestinal 
Physiology Unit 
The Royal London Hospital 
Whitechapel 
London E1 1BB 
UK 
L Verduron A, Devroede G, Bouchoucha M, Arhan P, Schang JC, 
Poisson J et al. Megarectum. Dig Dis Sct 1988; 33: 1164-74. 
? Preston DM, Lennard-Jones JE, Thomas BM. Towards a 


radiologic definition of idiopathic megacolon. Gastrointest Radiol 
1985; 10: 167-9. 
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Suspected acute appendicitis: trends in management over 
30 years (Br F Surg 2001; 88: 1570-7) 


Letter | 


Sir 

Localized pain and tenderness in the right suprapubic region is 
common in parous women with a history of prior difficult 
intrapartum episodes. Premature or prolonged maternal 
voluntary efforts are associated with avulsion of the origin of 
the levator ani from the arcus tendineus levator ani over 
obturator internus’. Subsequent scarring or reinnervation may 
give rise to the symptom of pain in the right lower quadrant and 
the physical sign of localized tenderness in the right suprapubic 
region. Bilateral injury may occur though unilateral right-sided 
injury is more frequent. The injury may be a consequence of the 
mechanics of vaginal delivery and the sigmoid colon may afford 
relative protection to the left side of the pelvis. Some peritoneal 
neovascularization may be noted on the right side of the pelvis 
at laparoscopy though this is non-specific and ill-defined. It 
seems unlikely that localized pain and tenderness would 
provide the sole basis for a decision to perform an appendi- 
cectomy but a careful history of prior intrapartum episodes may 
avoid imprecision in unusual presentations. These limited, 
gynaecological remarks are offered to complement Professor 
Jones’ policy of ‘active observation’ as the avulsion injury is 
clearly non-progressive, and may be the source of much ‘non- 

specific’ abdominal pain in parous women. 
M. Quinn 
Hinchingbrooke Hospital 
Huntingdon PE29 6NT 
UK 
1 Quinn MJ, Slack MC. Anatomy of Denonvilliers’ fascia and 
pelvic nerves, impotence, and implications for the colorectal 

surgeon. Br 7 Surg 2001; 88: 888 (Letter). 
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Letter 2 


Sir 

Professor Jones has provided an excellent distillation of 
publications that explore the perennial problem of discriminat- 
ing appendicitis from acute non-specific abdominal pain. His 
review deals with the respective values of computed tomogra- 
phy, ultrasonography, laparoscopy and active observation. May 
I recommend the abdominal wall tenderness test’. In doubtful 
cases a positive test has allowed most of my patients to be safely 

discharged without recourse to further investigation. 
W. H. Thomson 
Gloucestershire Royal Hospital 
Great Western Road 
Gloucester GLI 3 NN 
UK 


1 Thomson H, Francis DM. Abdominal-wall tenderness: a useful 
sign in the acute abdomen. Lancet 1977; 2: 1053-4. 


An unexpected liver secondary (Br 7 Surg 2001; 88: 
627-8) 


Sir 

It is cumbersome to perform intraoperative ultrasonography 
through a midline incision. Since intraoperative ultrasonogra- 
phy visualizes and characterizes lesions', we use the laparo- 
scopic probe during open procedures and pathological 
confirmation is unnecessary. Moreover, in our series we have 
treated two patients with peritoneal seeding after liver biopsy, 
rendering them without options for curative treatment”. If a 
synchronous lesion is found, it is essential to exclude distant 
metastases before embarking on unnecessary procedures. 
Although liver surgery is associated with a low morbidity and 
mortality rate when compared with colorectal surgery we feel 
that the statement ‘it is unlikely that opening the bowel 
increases the likelihood of infectious complications’ cannot be 
backed up by the literature. 

If a lesion is found in the liver, complete staging is 
mandatory. New therapeutic modalities such as radiofre- 
quency ablation in combination with resection may provide a 
patient with the best chances for survival. Computed tomo- 
graphy and magnetic resonance imaging with positron emis- 
sion tomography improves patient selection for liver 
resection’. The discovery of metastasis at the time of anterior 
resection is no reason to stop the procedure, unless there are 
massive liver metastases. Resection of a rectal carcinoma is still 
the best palliation. 

J. R. M. van der Sijp 

S. Meijer 

Department of Oncological Surgery 
Free University Medical Center 
PO Box 7057 

1007 MB Amsterdam 

The Netherlands 
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A normal appendix found during diagnostic laparoscopy 
should not be removed (Br 7 Surg 2001; 88: 251-4) 


Sir 

In this paper 14 per cent of patients presented during follow-up 
with abdominal pain and the assessing surgeon had to rely on 
hospital notes or the pacient’s memory to determine whether or 
not the appendix had been removed previously. 

Since 1998 we have adopted a selective approach (normal 
appearing appendix let in situ at laparoscopy) but we were 
concerned about the reliability of patient recollection. We 
interviewed 176 patients who had undergone laparoscopy for 
abdominal pain during a 3-year period by telephone’. In 
response to the queston ‘Was your appendix removed at 
operation?’, 93 per cent of those who answered ‘yes’ were 
correct but 61 per cent of those who answered ‘no’ were 
incorrect (their append:x had been removed). Those in whom 
no abnormality was found were significantly more likely to be 
confused or incorrect (61 per cent) than those in whom 
appendicitis was diagnosed (17 per cent). 

We now believe that the removal of a normal appendix in a 
patient already exposed to most of the morbidity associated 
with appendicectomy (general anaesthesia, port placement, 
laparoscopy and visceral manipulation) adds little to the overall 
morbidity. The case for overturning over a century of tradition 
is far from proven and we propose that, once the patient is 
explored, the appendix should still be removed even if it appears 
normal at laparoscopy. 

S. M. Murphy 
S. Tierney 
Department of Surgery 
The Adelaide and Meath Hospital 
Tallaght 
Dublin 24 
Ireland 
1 Murphy SM, Colgan G, O'Neill S, Tanner WA, Keane FBV. 

Previous laparoscopy in abdominal pain — confusion or 

clarification. Ir 7 Med Sei 2001; 170: 28 (Abstract). 
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Authors’ reply 


Ser 

Murphy et al. emphasize the importance of paying considerable 
attention to informing the patient on the operative procedure 
after laparoscopic appendicectomy. We stress that in case of 
farther abdominal complaints the patient must inform the 
attending physician that the appendix has been removed. 

Removal of a normal appendix does not end the musconcep- 
tion by many patients that the appendix is still in place. The 
added risk of a ‘prophylactic’ appendicectomy may be low but 
not negligible, as described in an as yet unpublished study 
concerning the implications of removing a normal appendix 
(C. L. Bijnen, W. T. van den Broek, A. B. Bijnen, P. De Ruiter, 
D. J. Gouma, unpublished data). 

Appendicectomy during diagnostic laparoscopy for abdom- 
inal pain should be considered an appendicectomy en pasent 
and therefore, in our opinion, passe’ 

W. T. van den Broek 


‘Fast track’ postoperative management protocol for 
patients with high co-morbidity undergoing complex 
abdominal and pelvic colorectal surgery (Br 7 Surg 2001; 
88: 1533-8) 


Sir 

We agree that shortening the length of hospital stay for 
patients undergoing colorectal surgery is worthwhile but were 
not satisfied that the authors’ conclusions were relevant to the 
majority of colorectal practice. They proved neither the safety 
nor the worth of the multimodal care pathway used in this 
study. The patient population was unusually young (median 
age 44.5 years). Most colorectal surgery is performed on 
elderly patients for whom domestic circumstances delay 
discharge; our last 195 patients who underwent colorectal 
resection had a mean age of 67-9 years. We are not told the 
average length of stay in the hospital for such a young group 
before the trial. These patients may have gone home at 4 
5 days anyway. Did the four readmissions and 12 early 
complications represent safety? The study required a tradi- 
tionally managed control group for comparison. We were 
confused by the use of eight patients labelled as ‘poorly 
compliant with the protocol’ as a separate group for 
comparison with those who did comply, when the definition 
of the study group included those who stayed in hospital longer 


than deemed necessary by the team. This group stayed longer, 
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by definition. Unless this subgroup could be identified before 
the protocol begins, the subdivision 1s irrelevant. 

T. Rix 

L. Jourdan 

Department of General Surgery 

Ceanada Avenue 

Redbill RHI SRH 

UK 


Authors’ reply 


Ser 

Our study addressed the application of ‘fast track’ pathways for 
reoperative abdominal and pelvic surgery, not only standard 
colon resection. The results mirrored those seen with less 
complex surgery in other studies of ‘fast track’ pathways 
performed in patients of approximately 65 years of age’, 
suggesting that these results should be applicable to the 
practice of Rix and Jourdan. The patient age reflects the 
practice of this single-surgeon study, and the results for the last 
2526 patients by the surgeon, and 11 241 patients in the 
department over the last decade are given in Table 3. The 
readmissions and complications described in the paper are low 
when compared with similar studies’*. We have also recently 
completed a randomized controlled trial of this pathway and 
the results will be forthcoming shortly. 

The overall results were expressed by mntention-to-treat. 
‘Poorly compliant’ patients were prospectively idenufied to 
explain a subgroup of patients that have a slower recovery, as in 
the Methods section. Further ongoing work, including the 
randomized tral, ıs designed to predict such subgroups 
preoperatively. We would contend that the objective support 
for this pathway is that this complex patient cohort had a 4-3- 
day postoperative stay. 

C. P. Delaney 

A. J. Senagore 

F. H. Remzi 

V. W. Fazio 

Department of Surgery/A-111 
Cleveland Clinic Foundation 
9500 Euchd Averue 
Cleveland 

Obro 44195 

USA 
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Prevention of the neoplastic progression of Barrett’s 
oesophagus by endoscopic argon beam plasma ablation 
(Br F Surg 2001; 88: 1357-62) 


Sir 

It is important to study innovative techniques that may prevent 
the malignant progression of Barrett’s oesophagus. The 
authors claim that argon beam plasma coagulation can be 
used for the ‘prevention of the neoplastic progression’ of 
Barrett’s oesophagus. Doubts regarding this claim remain in 
their discussion where they ‘presume’ a ‘likely reduction’ in the 
malignant progression. ‘The claim of proof of therapy by ‘lack 
of any malignancy’ in patients with high-grade dysplasia is 
nusleading. Their expectation to find five or six patients with 
malignant progression during the follow-up of 173-5 patient 
years is a significant overestimate as the group with highest risk 
of progression (i.e. high-grade dysplasia) had the shortest 
follow-up of only 20-8 months. Indeed, the treatment would 
have to be considered to be ineffective since at least 30 per cent 
had persistent intestinal metaplasia after treatment. Should 
there be concern about adding the insult of thermal injury to 
mucosa which has already undergone damage from acid and 
bile reflux? Complicated Barrett’s oesophagus with ulceration 
or stricture formation may be at higher risk of malignant 
transformation’, and intuitively this group might be expected 
to behave similarly. The prevention of adenocarcinoma of the 
oesophagus is of great importance but we must be cautious 
about adopting a therapy with a mortality rate of 3-6 per cent, 
especially in patients with uncomplicated Barrett’s oesopha- 
gus. We would caution the authors’ enthusiasm for this 
technique which they demonstrate is neither safe nor effective. 
A. Immanuel 
P. J. Lamb 
J. Wayman 
S. Preston 
S. M. Griffin 
Northern Oesophago-Gastric Cancer Unit 
Royal Victoria Infirmary 
Queen Victoria Road 
Newcastle upon Tyne NEI 4LP 
UK 
I Pera M, Trastek VF, Carpenter HA, Allen MS, Descha mps C, 
Pairolero PC. Barrett's esophagus with high-grade dysplasia: an 
indication for esophagectomy? Ann Thorac Surg 1992; 54: 199- 

204. 


Author’s reply 


Sir 

We do not claim that argon beam plasma coagulation has 
been proven to prevent neoplastic progression in Barrett's 
oesophagus. The conclusion of our paper is that a 
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randomized clinical trial is warranted. From the calculation 
of the total number of patients and those with high-grade 
dysplasia it is appropriate to say that five or six patients 
would have been expected to have malignant progression. 
Therefore, the lack of malignancy does give an indication 
that argon beam therapy might prove useful. In the 55 
patients with a further 6-month follow-up, there is still no 
malignancy (total 320 patient years). Immanuel etal. have 
also quoted our mortality rate inaccurately as being 3-6 per 
cent. One death oceurred in 55 patients. The patient had 
endoscopic ablative therapy for high-grade dysplasia 
because he was unfit for resection. The patient was keen 
for open surgery to remove the oesophagus once perfora- 
tion occurred, but he died following thoracotomy. The 
technique of argon beam plasma coagulation is safe, with no 
perforations in the last 300 applications in our clinical 
service. A randomized clinical trial comparing argon beam 
therapy with observational therapy is justified to see if 
progression to malignancy in Barrett's oesophagus can be 
prevented. 
S. Attwood 
Department of Upper GI Surgery 
Hope Hospital 
Stott Lane 
Salford 
Manchester M6 SHD 
UK 


Extent of ductal carcinoma in situ within and 
surrounding invasive primary breast carcinoma (Br 7 Surg 
2001; 88: 1324-9) 


Sir 
This work introduces the concept of closer examination of the 
normal tissue surrounding the tumour. We know that there is a 
20-60 per cent chance of residual cancer in patients undergoing 
wide local excision!” and this depends on the margin status. In 
how many patients, therefore, were the margins close or 
involved, and how far from the margin were the i situ cells? 
There are several other significant questions: (1) Was this a 
prospective study or a retrospective examination of excised 
specimens? (2) What was the association between the extensive 
in situ component and ductal carcinoma im situ in the 
surrounding normal tissue? (3) Did the authors perform a 
multivariate analysis and find ductal carcinoma in situ in the 
normal tissue to be as, or more predictive of an adverse 
outcome compared to other known prognostic indicators? 
Larger studies’ have failed to show an increase in the 
incidence of metastasis and a reduced overall survival in 
patients undergoing wide local excision as compared to 
mastectomy. 


© 2002 Blackwell Science Ltd 


K. Moorthy 

Department of Surgical Oncology and Technology 
Imperial College of Saence, Technology end Medicine 
St Mary’s Hosprtal 

London W2 INY 

UK 
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Authors’ reply 


Sir 

This was a retrospective study, principally directed at the 
clinical significance of the extent of ductal carcinoma m situ 
surrounding an invasive carcinoma and was not a study 
examining risk factors for local recurrence following conserva- 
tion treatment of breast carcinoma. Margin status is a key nsk 
factor for recurrence following breast conservation, but there is 
good evidence that routine pathological examination of 
margins and measurement of distance to margins is relatively 
inaccurate’. The extent of ductal carcinoma in situ in the 
surrounding breast ussues can increase the risk of margin 
involvement. In many specialist centres high-resolution 
magnification mammography 1s used to identify the presence 
of surrounding ductal carcinoma m situ and, if extensive, 
patients are often advised against breast conservation. 

The aim of our study was to try to improve the under- 
standing of the clinical relevance of the extent of ductal 
carcinoma A» situ around and within invasive carcinomas with 
the long-term goal of developing effective strategies for routine 
classification. There are currently no clear guidelines, or 
indeed an international consensus, on the assessment of the 
extent of ductal carcinoma mm stu in this situation. 

R S. Rampaul 

S. E. Pinder 

J. F. R. Robertson 
L O. Ellis 


Nottingham NGI 5PB 
UK 
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1 Suverstein MJ. Predicting local recurrences in patients with 
ductal carcinoma za stw. In: Silverstein MJ, ed. Ductal Cercinoma 
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Randomized clinical trial comparing suture and mesh 
repair of umbilical hernia in adults (Br 7 Serg 2001; 88: 
1321-3) 


Letter 1 


Sir 
I would be interested in knowing the specific recurrence rates 
for those hernias over 3 cm in diameter repaired with mesh 
versus suture. Hesselink etad.’, in a large retrospective review, 
found only a defect size of over 4 cm ın diameter as a significant 
risk factor for recurrence. It has been my policy to repar all 
abdominal wall defects over 4 cm in diameter, or that have 
recurred, with a laparoscopically placed intra-abdominal mesh. 
The recurrence rates with this approach are low”. The findings 
of Arroyo et æl. add to the growing body of evidence supporting 
the routine use of prosthetic mesh in all but the most trivial 
abdominal! wall defects. 
D. S. Thoman 
Department of General Surgery 
Naval Medical Center 
34800 Bob Wilson Drroe 
San Diego 
Cabfornia 92134 
USA 
1 Hesselink VJ, Lurjendijk RW, de Wilt JH, Heide R, Jeekel J. An 
evaluation of risk factors ın incisional hernia recurrence. Serg 
Gynecol Obstet 1993; 176: 228-34. 
2 Heniford BT, Park A, Ramshaw BJ, Voeller G. Laparoscopic 
ventral and incisional hernia repair in 407 patients. 7 Am Col 
Surg 2000; 190: 645-50. 


Letter 2 


Sir 

Arroyo et al. report suture repair recurrence rates of 10—30 per 
cent from the literature and 11 per cent for primary repairs. Of 
393 primary umbilical hernias repaired by sutures alone we 
found a recurrence rate of 4 per cent’. The major concern with 
mesh repair is the risk of infection. Although the risk may be 
low, ıt seems inappropriate to recommend the use of mesh. 
Clearly trials of sufficient power are required to answer the 

questions of recurrence rate and infection. 
H. Chant 
P. Tsai 
A. Kingsworth 
Postgraduate Medical School 
Derriford Hosprtal 
Phymouth PL6 8DH 
UK 
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1 Bowley D, Kingsnorth A. Umbilical hernia, Mayo or mesh? 
Hernia 2000; 4: 195-6, 


Authors’ reply 
Sir 


Despite the paradoxical results, the size of the hernia defect did 
not affect outcome. The differences in results seemed to be due 
to the technique (mesh versus suture repair) rather than hernia 
size. For defects greater than 3 cm in diameter the recurrence 
rate was 3 per cent (one of 32) in the mesh group compared to 
13 per cent (four of 30) in the suture group. For smaller defects 
the recurrence rate was zero after mesh repair versus 10 per cent 
(seven of 70) in the suture group. These results were not 
reported separately in the paper, though we mentioned there 
was no effect of hernia size. This finding might fit with the 
philosophy of the tension-free repair, in which the hernia size 
may not play a decisive role in recurrence rates. 

According to the literature, the risk of infection after mesh 
umbilical hernia repair may be as low as 1 per cent. We found 
wound infection in 2 per cent of patients in the study; none 
required removal of the mesh. Some 3 per cent of wounds in the 
suture group became infected but there was no statistical 
difference between the groups. A single dose of amoxycillin- 
clavulanic acid was administered preoperatively, although 
some authors have questioned the use of prophylactic 
antibiotics. We consider the 4 per cent recurrence rate supports 
the use of herniorrhaphy in repairing umbilical defects, but the 
results are not strong enough to reject the use of mesh on the 
grounds of infection risk. 

F. Pérez 

A. Arroyo 

Department of Surgery 
University Hospital of Elche 
Ptda Huertos y Molinos, s/n 
0302 Elche 

Alicante 

Spain 


Prospective randomized double-blind placebo-controlled 
trial of glyceryl trinitrate in endoscopic retrograde 
cholangiopancreatography-induced pancreatitis (Br 7 
Surg 2001; 88: 1178-82) 


Letter Í 
Sir 


We have carried out a similar double-blind controlled trial! 
that resulted in a reduction both in the incidence of post- 
endoscopic retrograde cholangiopancreatography (ERCP) 
pancreatitis and in delayed enzymatic increase at 24 h, but 
notat2 h. We expect that the final and complete report will be 
published shortly. Sudhindran et a/. did not find a difference in 
the extent of hyperamylasaemia at 6 h, but no information is 
provided about the level at 24 h. They administered 2 mg 
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sublingual long-acting glyceryl trinitrate (GTN) to their 
patents which, according to the authors, has a sustained 
systemic action for 6 h. We used a 15-mg GTN patch, applied 
30-40 min before the procedure. It has its peak action at 60- 
120 min and lasts for 24 h°. On the other hand, we based the 
diagnosis of pancreatitis on a four-fold enzymatic increase and 
a history of abdominal pain lasting more than 24h. We 
selected this pharmacological method on the hypothesis that 
the post-ERCP pancreatitis is related to spasm and oedema of 
the sphincter of Oddi, more than to hyperpressure secondary to 
cannulation or to direct trauma. A significant reduction in post- 
ERCP pancreatitis and enzymatic increase at 24h but notat2 h 
seems to confirm the need for sustained pharmacological 
action. 
M. Moret6é 
M. Zaballa 
Department of Gastroenterology and Hepatology 
Hospital de Cruces 
Plaza de Cruces 
Barakaldo 48903 
Spain 
I Moretó M, Zaballa M, Ramírez K, Urcelay R, Merino O, 
Casado I et al. Transdermal glyceryl trinitrate in the prevention 
of post-ERCP pancreatitis. Gastrointest Endosc 2000; 51: AB67. 
2 Micromedex Healthcare Series, Volume 109, Edition 9. 
Greenwood Village, Colorado: Micromedex, 2001. 


Letter 2 


Sir 

It is known that the incidence of post-endoscopic retrograde 
cholangiopancreatography (ERCP)-induced pancreatitis is 
dependent on factors such as volume of the contrast used, 
technical difficulty of cannulation, young patient age and 
number of pancreatic contrast injections!. Further multiple 
cannulations and prolonged manipulation are also proven risk 
factors”. We were surprised that these issues seem to have been 
overlooked in the design of this study. 

Did the authors note any technical difficulty in cannulation 
(although cannulation rates are the same in both groups) in the 
study group? Ifso, what criteria were use to grade the technical 
ease of cannulation of the papilla? 

One of the most powerful risk factors for the development of 
pancreatitis is suspected dysfunction of the sphincter of 
Oddi’. Could sphincter dysfunction have contributed to the 
development of post-ERCP pancreatitis? 

Finally, it would be interesting to know the rate of 
inadvertent cannulation of the pancreatic duct. 

G. Harinath 

B. O’Riordan 

Department of Surgery 

West Wales General Hospital 
Carmarthen SA31 2AF 

UK 
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Author’s reply 


Ser 
We were unaware of the trial conducted by Moretó et sl. using 
15-mg glyceryl trinitrate (GIN) patches that have a much 
longer duration of action than the sublingual GTN used in our 
study. However, even with our dosage of GTN, more than 50 
per cent of the treatment group experienced headaches and 
suffered with hypotension. It would be interesting to know the 
side-effect profile and tolerance of long-acting GIN. In our 
study there was no significant difference in the amylase levels at 
12 or 24 h between the two groups. 

We agree with Harinath and O’Riordan that there area large 
number of procedure- and patient-related factors that may 
contribute to post-endoscopic retrograde cholangiopancrea- 
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tography (ERCP) pancreatitis. The study that they quote is a 
multicentre observational study rather than a prospective 
randomized double-blind study’. One of the common indica- 
tions for ERCP in that study was sphincter of Oddi 
dysfunction. This is a controversial syndrome of unknown 
cause which is suspected, particularly in North America, as a 
cause of recurrent abdominal pain after cholecystectomy, 
chiefly in women. No patient in our study underwent ERCP for 
suspected sphincter of Odd: dysfunction. The other risk factors 
mentioned such as ease of cannulation, prolonged manipula- 
tion and multiple cannulations, are very subjective and difficult 
to quanufy accurately. These are, however, closely related to 
the endoscopic technique, which is linked to the skill and 
training of the endoscopist’. In our study, a single experienced 
endoscopist performed all the procedures. This fact, together 
with proper randomuzation, should have almost completely 
eliminated any such imbalance between the two groups. The 
rate of inadvertent pancreatic duct cannulation was sumilar in 
both groups as well (7 per centin the GTN group and 8 percent 
in the placebo group). 
S. Sudhindran 
Box 210 
Addenbrooke’s Hospital 
Cambridge CB2 2QQ 
UK 


| Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME, 
Dorsher PJ et af Complications of endoscopic biliary 
sphincterotomy. N Engl 7 Med 1996; 335: 909-18. 
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Bladder Cancer: Current Diagnosis and Treatment 


M. J. Droller (ed.) 
230 x 155mm. Pp. 454. Not illustrated. 2001. Totowa, New Jersey: 
Humana Press. US$135-00. 


This book presents a detailed summary of all aspects of 
bladder cancer and comprises contributions from 44 
(principally American) experts in this field. The text is 
divided into 17 fully referenced, sequentially arranged 
chapters, covering issues from demographic and epidemio- 
logical aspects of the disease right through to treatment 
options for metastases. Ample coverage is given to the often 
confusing biological and molecular aspects of the develop- 
ment and progression of bladder cancer, providing an 
excellent link between basic sciences and clinical practice. 
Extensive discussion is given to the diagnosis of bladder 
cancer, with a useful guide to the pitfalls in staging that is 
invaluable for those learning the nuances of managing this 
disease in the clinical setting. Two very elegant chapters by 
Mark Soloway and Michael O’Donnell summarize the 
extensive literature on intravesical therapy. Both Donald 
Skinner and Arnulf Stenz] contribute to the surgical 
approaches to invasive disease. Overall, this text provides 
a precise synopsis of all contemporary issues in the 
management of bladder cancer. It would be useful as a 
reference to a busy urologist in practice and provides a well 
summarized, manageable text for those trainees sitting the 
Fellowship of the Royal College of Surgeons (Urology) 
examination. 
J. C. Gingell* 
R. A. Persad 
Bristol Royal Infirmary 
Marlborough Street 


Bristol BS2 SHW 


“Litfield House 
Clifton Down 
Clifton 

Bristol BS8 3LS 
UK 


Mastery of Surgery. 4th Ed. 


R. J. Baker and J. E. Fischer (eds) 
285 x 215mm. Pp. 2448. illustrated. 2001. Philadelphia, Pennsylvania: 
Lippincott Williams and Wilkins. US$359-00. 


This large tome, in two volumes, provides a very 
comprehensive account of anything that could possibly be 
described as ‘general surgery’. Written by a large number of 
acknowledged experts, it is at its best when describing 
surgical techniques, although there is also much on 
perioperative care and patient selection. If you want to 
find out how a particular well known expert approaches an 
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operation, this book is an ideal starting point. The 

descriptions of operative procedures are detailed and 

clear, and there is good use of line drawings. It is actually 

refreshing to see such clear black and white illustrations. 

Opinions are clearly expressed throughout and there are 

also extensive editorial comments. Paradoxically, this is 

simultaneously the major strength of the book and its major 

weakness. Many opinions are backed up by good argument, 

good reviews and appropriate evidence, but there are stil] 

examples of the repetition of evidence-free mantras. Some 

sections, such as that on peptic ulcer disease, have a rather 

old fashioned air, but overall the book is up to date. There is 
nothing else quite like it on the market. 

J. Bancewicz 

Gastroenterology, Oesophageal and Gastric Surgery 

Hope Hospital 

Stott Lane 

Salford M6 8HD 

UK 


Essential General Surgical Operations 

R. M. Kirk and M. Winslet 

275 X 219 mm. Pp. 273. Illustrated. 2001. London: Churchill Livingstone. 
£31.95. 


This book is adapted from the larger parent text General 
Surgical Operations and aims to focus the basic surgical 
trainee on those operations that are important for the 
membership of the Royal College of Surgeons examination. 
Although the reader is referred in the preface to other works 
for perioperative management, the text comprehensively 
deals with the entire perioperative process, from prepara- 
tion of the patient to management of important post- 
operative problems. A strong point is the inclusion of gems 
of practical wisdom that are rarely mentioned in books of 
this kind, information that may become apparent in day-to- 
day clinical practice but which may be thought of as self- 
evident by trainers. 

Each procedure is usefully divided into sections and well 
illustrated with line drawings. Chapters on issues related to 
surgery, such as endoscopy and anaesthesia, are included. 
While all surgical specialties are entertained, the book deals 
only with those operstions relevant to the basic surgical 
trainee. Unfortunatelv, there are frequent references to 
certain procedures or instruments by name but no elabora- 
tion, €.g. types of proctoscopes (Eisenhamer, Parks, Sims) 
with no diagram to distinguish them. Diagrams are also 
lacking in some areas and this would have reduced the need 
for text. A chapter on types of surgical instruments and 
sutures would have been helpful but the author does begin 
by stating that this is a ‘what to’ rather than a ‘how to’ book. 
This is a clear, concise and practical text, and the first 
chapter ‘Choose well, cut well, get well’ sets an appropriate 
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theme. As a basic surgical trainee I found this a useful 

volume and I would happily recommend ıt to fellow 
trainees. 

J. McGuinness 

Department of Surgery 

Mater Misericordiae Hosprtal 

Dublin 7 

Ireland 


Hamilton Bailey’s Emergency Surgery. 13th Ed. 


B. W. Ellis and S. Paterson-Brown (eds) 
278 x 203 mm. Pp. 304 [Dustrated 2000. London: Amoid. £85-00. 


Thuis 1s certainly not a textbook for the on-call registrar’s 
pocket, but it is a well designed comprehensive guide to 
emergency surgery. In addition to the traditional 
approaches to most emergencies, it contains some bonuses 
and little gems. The chapter on urban violence is useful and 
the one on medicolegal aspects of emergency work is 
interesting in light of the current climate. I should have 
liked more chapters with suggested extended reading, but I 
was impressed to see modern technology catching up with 
the printed word with the inclusion of the occasional 
website address. The book is attractive in these days of 
increasing specialization; having an idea of how other 
specialues deal with emergencies in the face of multiply 
injured patients may help in improving one’s prioritization 
in the emergency room. The breadth of information 
contained in the volume (including tropical emergencies) 
will give ıt worldwide appeal, but as travel increases more 
and more of these problems may be seen in your local 
casualty department. On the downside is the limited use of 
authoring, which is especially notable in the specialist 
sections. I think the biggest question is whether or not 
60 pages of orthopaedic emergencies is a worthwhile 
inclusion, as there are specialist acute orthopaedic texts 
available that are considerably more comprehensive. 
Overall, this is a worthwhile addition to the library of any 
surgeon involved in emergency patient care; however, it is 
something to be read in the cold light of day and not in the 
emergency room. 
G. S. Duthie 
Academic Surgical Unst 
Unsversity of Hull 
Castle Hill Hospital 
Castle Road 
Cottingbam HU16 57Q 
UK 
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Operative Pediatric Urology. 2nd Ed. 


J. D. Frank, J. P. Gearhart and H. M. Snyder I (eds) 
280 x 220 mm Pp 282 Illustrated 2001 Edmburgh Churchill Lringstone. 
£9495. 


The first edition of this beautifully illustrated textbook was 
published in 1990, and edited by Davıd Frank and Herbert 
Johnston. The American spelling of the word paediatric is 
presumably partly due to the fact that two new American 
editors have taken the place of Mr Johnston. Most of the 
chapters have been rewritten, and several new authors have 
been included. Each chapter consists of a concise descrip- 
tion of an operation, some of which would be performed 
only by highly trained paediatric urologists with sub- 
specialty interests. The outstanding illustrations by Philip 
Wilson ensure that every step of the described operation is 
easily understood; they are better than photographs. Three 
chapters have excellent drawings by Gillian Oliver. The 
book is written by experts; each author is able to give not 
only a detailed description of technique, but an insight into 
the potential problems. The newly added chapters, for 
example those on gastric augmentation and continent 
urinary diversion, are excellent, and help to keep the reader 
up to date with some of the innovations in paediatric 
urological surgery. It was also pleasing to see that chapters 
such as the one on ureteric reimplantation, by (a now retired 
but ever respected) Joe Cohen, are stll included. In the 
preface, the authors do not state precisely at whom this book 
is aimed, but anybody with an interest in paediatric urology 
will find this essential reading. Trainees preparing for the 
specialist examination ın urology are especially advised to 
read it. 
J. M. Fitzpatrick 
Surgical Professorial Unit 
Mater Misericordiae Hospital and University College Dublin 
47 Eccles Street 
Dublin 7 
Ireland 


Lung Volume Reduction Surgery 

M. Argenziano and M. E. Ginsburg (eds) 

250 x 190 mm Pp 273 2001 Totowa, New Jersey: Humana Press 
US$146 00 


In the last 6 years there has been an explosion of interest in 
the surgery of emphysema, and in the operation that has 
become known as lung volume reduction surgery (LVRS). 
This attractive and handy-sized book covers this subject 
comprehensively, with fully referenced contributions from 
all of the multdisciplinary team required for such major 
surgery to prove safe and effective in a severely compro- 
mised group of patients. The 16 chapters are grouped, 
somewhat artificially, into two sections. The first covers, in 
six chapters, the pathogenesis, pathophysiology, radiology 
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and medical management of emphysema; there is an 

excellent contribution on pulmonary rehabilitation, now 

receiving renewed attention in the UK. The second part, in 

ten chapters, covers the surgical aspects and controversies 

surrounding open versus thoracoscopic approaches, the 

improvement after surgery and its durability, concurrent 

surgery for lung cancer and emphysema, and the interface of 

transplantation with LVRS. Individual members of any 

team involved in LVRS will enjoy reading this book, but will 

probably choose selected chapters related to their prime 

area of involvement. The publishers and authors are to be 

congratulated in ‘seizing the moment’ and producing a 

textbook that covers this evolving subject without being 
obsolete at publication. 

P. Goldstraw 

Department of Thoracic Surgery 

Royal Brompton Hospital 

Sydney Street 

London SW3 6NP 

UK 


Medicolegal Reporting in Orthopaedic Trauma. 3rd 
Ed. 


M. Foy and P. Fagg (eds) 
250 x 190 mm. Pp. 441. 2001. London: Churchill Livingstone. £99.95. 


This third edition has been refined in both appearance and 
content from the ring binder of a decade ago. Foy and Fagg 
still do a very good job, covering the whole musculoskeletal 
system and a bit more (the head and a couple of lawyer’s 
chapters), There is no doubt that matters to do with the 
spine are greatly over-represented in the medicolegal world 
(compared with the limbs), but in Foy and Fagg the spine is 
distillated down to not much more than 50 pages. I certainly 
seem to go to court much more often than my appendicular 
skeletal colleagues, but perhaps this is because some 
orthopaedic surgeons still hold the pre-Galilean view that 
disc hernias are in some way traumatic while others hold the 
opinion that whiplash is a virtually fatal condition. Arms and 
legs are much more predictable in their response to trauma 
and so in the next edition (and there certainly will be one 
because this is an excellent book) I would like to see more 
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about the spine. There is a lot of factual information 
available and the more that is presented, the less variable 
opinion will be. I thought to begin with that there was too 
much Foy and Fagg, in that mushrooming subspecialization 
makes it difficult to be a credible author about so many 
different anatomical parts, but what they do they do very 
well indeed. The first four chapters about the medicolegal 
process from both an orthopaedic and legal point of view isa 
particularly good start, and is a worthwhile read for those 
embarking on a medicolegal career. There then follow 
sections on upper and lower limb fractures and miscella- 
neous topics (such as repetitive strain injury, psychological 
effects of trauma, and radiology in medicolegal practice). 
The non-spinal text adds up to a huge 350 pages. 

The comprehensive reference lists at the end of each 
chapter are extremely valuable. For important detail and to 
be a real ‘expert’ witness, one must go to the individual 
papers cited. For example, did you know that 40 per cent of 
patients in group 3 (the severe group) in Norris and Watt’s 
often quoted paper on prognosis following whiplash 
injuries had actually broken their necks or had Klippel- 
Feil syndrome — jolly good reasons for associated neuro- 
logical abnormalities and long-term problems. None the 
less, those in group 3 were off work only for an average of 
10 weeks. Now we have an epidemic of cases and an even 
bigger epidemic of papers, most of them no longer even 
bothering to take into account the force vector from behind, 
and lumping together any old soft tissue neck strain as a 
‘whiplash-associated disorder’. Meanwhile, the condition 
might well be nomogenic, as evidenced by the incidence 
dropping by 60 per cent if one must tell the police about the 
accident and bear the first few dollars of expense oneself. It 
does not exist in the indigenous Singaporians, only in ‘ex- 
pats’; nor does it exist in Eastern Europe. Anyway, back to 
Foy and Fagg: a unique collection of information and well 
worth the money at 18 pence per page. 

R. Dickson 

St James's University Hospital 
Beckett Street 

Leeds LS9 TTF 

UK 
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Scientific Surgery 


The BFS is committed to the practice of surgery based 
on scientific evidence. Each month we will publish a list 
of randomized trials and meta-analyses collated from 
English-language publications. A collection of all these 
papers will be available in the Scientific Surgery archive 
which will be held on the B7S website together with links 


Rice HE, Brown RL, Gollin G, Caty MG, Gilbert J, Skanner MA 
etal. Results of a pilot tral comparing prolonged intravenous 
antibiotics with sequential intravenous/oral antibiotics for 
children with perforated appendicitis. Arch Surg 2001, 136: 
1391-5. 


The chacal success rates were samdar for both treatment regimens, but 
oniy 26 ohddren were included 


Yilmaz S, Kinmlioglu V, Katz DA, Kayaalp C, Caglikuleka M, 
Ara C. Randomised clinical tnal of two bypass operations for 
unresectable cancer of the pancreatic head. Eer 7 Surg 2001; 
167: 770-6. 

In thes thal Inctuding 44 procedures there was a trend towards better 
Curecal reauits with popenstalic versus antpenstalic gastroenterostomry. 


Wong JC, Torella F, Haynes SL, Dalrymple K, Mortimer AJ, 

McCollum CN; The ATIS Investigators. Autologous versus 
allogeneic transfusion in aortic surgery: a multicentre 
randomured clinical tial. Ann Surg 2002; 235: 145-51. 
Al chnica! outcomes and complicabons were siular m this study which 
included 145 procedures. An autologous transfusion policy reduced the 
medan volume of transfusion and the total number of patents who 
required blood transfusion from 56 to 43 per oent. 


Neoptolemos JP, Dunn JA, Stocken DD, Almond J, Link K, Beger 
H et al. Adjuvant chemoradiotherapy and chemotherapy in 
resectable pancreatic cancer: a randomised controlled tnal. 
Lancet 2001; 358: 1576-85. 

Some 541 patents were included in thes muttfactonal tral deesgn, there 
was a sutviva!l advantage from adjuvant chemotherapy (median 19 7 
versus 14-0 months, P = 0 0005), but not from addfbonael radiotherapy. 

King M-C, Wieand S, Hale K, Lee M, Walsh T, Owens K etal. 

‘Tamonifen and breast cancer incidence among women with 
inherited mutations in BRC41 and BRCA2. National Surgical 
Adjuvant Breast and Bowel Project (NSABP-P1) Breast Cancer 
Prevention Trial. JAMA 2001; 286: 2251-6. 
Within a randomized tnal of breast cancer preventon with tamoxten, 19 
women with BRACA genetc mutatons who developed breast cancer were 
exammned Tamaxfen reduced the rate of cancer by 62 per cent, sundar to 
the rate for all women in the tral. 


Bartelink H, Honot J-C, Poortmans P, Struikmans H, Van den 
Bogaert W, Barillot I et æl. Recurrence rates after treatment of 
breast cancer with standard radiotherapy with or without 
additional radiation. N Engl 7 Med 2001; 345: 1378-87 
In patents wrth earty breast cancer who had breast-consering surgery, 
additonal radiotherapy to the tumour bed reduced the nsk of kooal 
recurrence (hazard rabo 0 58, 96 per cent confidence mterval 0-43 to 


0 81), eepeceally n patents under 50 years oid 
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to free Medline sites where the full papers can be 
accessed (see below for details). If you have recently 
published a randomized trial that has not been featured 
in Scientific Surgery, the Editors would be pleased to 


receive a reprint and consider its inclusion. 


Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, 
McGrath PC etal. Nephrectomy followed by interferon a-2b 
compared with interferon a-2b alone for metastatic renal-cell 
cancer. N Engl F Med 2001; 345: 1655-9. 


The additon of nephrectomy to interferon prolonged medan survival from 
8 1 to 11 1 months (P = 0 05) in thee study of 120 pahents 


Urschel JD, Urschel DM, Miller JD, Bennett WF, Young JE. 
A meta-analysis of randomized controlled trials of route of 
reconstruction after esophagectomy for cancer. Am 7 Surg 
2001, 182: 470-5. 
Six randommed tnals were evaluated, there was no difference between 
antenor or postenor mediasunal routes, but the number of procedures was 
smal 


Nena GG, Gresele P, Ferran G, Santoro L, Gianese F; 
Mesogtycan Intermittent Claudication Group. Treatment of 
intermittent claudication with mesoglycan — a placebo- 
controlled, double-blind study Thromb Haemost 2001, 86: 
1181-7. 

Some 237 patents were analysed, walang distance mcreased by over 50 
per cent m 50 per cent of those treated and in 26 1 per cent of the control 
group (P < 0 001). 


Ishida H, Yokoyama M, Nakada H, Inokuma S, Hashimoto D. 
Impact of oral anumicrobial prophylaxis on surgical site 
infection and methicillin-resistant Stepbylococcus aureus 
infection after electrve colorectal surgery. Results of a 
prospective randomized trial. Surg Todey 2001; 31: 979-83. 
Additonal preoperative antibiotics reduced the rate of surgical site 
mfecton trom 23-9 to 11-1 per cent (P = 004) n thes study of 143 
procedures 


The BFS website can be found at www.b}s.co.wk. In addition 
to details of current and previous articles featured in 
Scientific Surgery, the website contains details of the 
Editorial Team and Board, instructions to prospective 
authors, links to other sites (such as The Cochrane 
Library) and forthcoming surgical events. The Editors 
welcome comments and suggestions about the website, 
either in writing or through the website address. 
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Society of Academic and Research Surgery 








The following 93 abstracts were presented to the inaugural meeting of the Society of Academic and Research 
Surgery in January 2002. The meeting was held in the Sir Ian Fleming building at Imperial College in South 
Kensington, London, and was hosted by Professor A. Darzi and his colleagues at St Mary’s Hospital, London. The 
Patey prize was won by R. J. Davies et al. for a paper entitled ‘Novel stool-based screening test for colorectal cancer 
using antibodies directed against DNA replication protein, minichromosome maintenance protein 2’, 





Transdermal oestrogen therapy for advanced prostate 
cancer 


J. L. Ockrim, E. N. Lalani, M. E. Laniado, S. S. Carter and 
P. D. Abel (introduced by Professor A. Darzi) 

Department of Urology, Hammersmith H ospital, London, UK 

Background: Conventional hormone deprivation for ad- 
vanced prostate cancer is associated with significant 
morbidity. Evidence suggests oestrogen therapy is equiva- 
lent to orchidectomy and maximal androgen blockade, but 
oral oestrogens were abandoned because of cardiovascular 
toxicity. By contrast, recent data suggest that parenteral 
oestrogens reduce cardiovascular morbidity by more than 
90 per cent. This is the first report of transdermal 
(parenteral) oestrogens in men with advanced prostate 
cancer. 

Methods: Local ethics committees approved the study. 
Twenty patients with locally advanced (7 = 10) or metastatic 
(2=10) prostate cancer were enrolled. Six transdermal 
oestradiol (7-8 mg) patches were applied weekly for 8 weeks, 
then adjusted to maintain castrate levels. Hormones, 
prostate-specific antigen (PSA), thrombophilic assays and 
vascular flow (to monitor for thrombosis) and quality of life 
(QoL) questionnaires were assessed at regular intervals. 
Disease progression and osteoporosis were assessed 
6monthly using computed tomography, bone scan and 
bone densitometry. 

Results: Median follow-up was 10 (range 6-14) months. All 
patients had castrate levels of testosterone (less than 
3 nmol T!) within 2 weeks and evidence of disease regres- 
sion (PSA reduction averaged 95.1] (range 84.2-99.8) per 
cent). One patient had biochemical relapse at 14 months. 
No significant cardiovascular or vascular flow complica- 
tions were recorded. Early data suggest that bone density is 
maintained. Grade I or IT gynaecomastia occurred in 70 per 
cent of the men, but no hot flushes. All other QoL domains 
improved. Patches were well tolerated. 

Conclusion: ‘Transdermal oestrogens produce castrate 
levels of testosterone and are acceptable to patients, 
with minimal morbidity (gynaecomastia). Transdermal 
oestrogens protect against osteoporosis and hot flushes, 
improve QoL and are one-tenth the cost of current 
therapies, potentially saving the NHS more than £10 
million annually. 
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Gastrin protects against the growth inhibitory effects of 
cytotoxic agents 


A. G. Gilliam and S. A. Watson 

Academic Unit of Cancer Studies, Department of Surgery, 
University of Nottingham, Nottingham, UK 

Background: Gastrin circumvents apoptosis in malignant 
cells. The aim of this study was to determine whether 
inhibition of the gastrin gene increases sensitivity to a panel 
of cytotoxic agents in gastrointestinal tumour cell lines. 
Methods: The human gastrointestinal tumour cell lines 
PANI and HCTI16 were stably transfected with an 
antisense construct to the gastrin gene. PANI was also 
transfected with a gastrin sense construct. Progastrin 
secretion was assessed by means of radioimmunoassay. In 
vitro proliferation of cell clones was measured with a 
tetrazolium-based colorimetric assay (five replicates per 
condition). The cytotoxic agents used included cisplatin, 
camphothecin and gemcitabine at concentrations ranging 
from 0-01 to 1 ug ml7'. Apoptosis was assessed by use of an 
in situ DNA fragmentation kit (Oncogene). 

Results: 





ICso, inhibitory concentration at which 50 per cent of cells die. *P< 0.001, 
+P <0-08 versus vector control (one-way analysis of variance) 


Cell lines transfected with gastrin antisense had increased 
sensitivity to the antiproliferative effects of the cytotoxic 
agents. PANI cells transfected with gastrin sense had 
increased resistance. The increased inhibitory effect of the 
cytotoxics in the gastrin antisense cell lines was reversed by 
the addition of excess gastrin and 10 per cent serum- 
containing medium. Increased apoptosis was shown in the 
cisplatin-treated gastrin antisense transfected cells by the 
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DNA fragmentation assay. Progastrin concentration in 
PANI cells was 58pmoll' in the vector control, not 
detected in the gastrin antisense cell line and 1220 pmol p 
in the gastrin sense cell line. 

Conctusion: Gastrin neutralization may increase sensitivity 
to cytotoxic agents. 


Novel role for toll-like receptor 2 in human neutrophil- 
mediated bacterial phagocytosis 


R. Cahill, J. H. Wang, C. Power, Q. D. Wu, S. Blankson and 
H. P. Redmond 

Department of Academic Surgery, Cork University H ospital, 
National University of Ireland, Cork, Ireland 

Background: Invading bacteria are phagocytosed and killed 
by polymorphonuclear neutrophils (PMNs) through CR3 
and Feyreceptor I/II. Toll-like receptor (TLR) 2 has been 
recognized as a primary receptor for mediating intracellular 
signalling of bacterial lipoprotein and other bacterial cell 
wall components. Little is known regarding whether 
TLR-2 is involved in PMN-mediated bacterial phagocy- 
tosis and intracellular killing. 

Methods: Human PMNs were obtained from healthy 
adult volunteers using dextran/Ficoll density sedimenta- 
tion. Heat-killed Staphylococcus aureus and Escherichia coh 
were labelled with fluorescein isothiocyanate (FITC) and 
opsonized with pooled human sera. Bacterial binding to 
PMNs was assessed by flow cytometry. Bacterial ingestion 
by PMNs was analysed after the fluorescence of the bound 
but uningested bacteria had been quenched. Bacterial 
intracellular killing by PMNs was examined using live S. 
aureus and E. coli, and corrected with cytochalasin B 
treatment. PMN TLR-2 was totally blocked with a specific 
human TLR-2-blocking monoclonal antibody (Mab) 2392 
(25 ug ml’). 

Results: Blocking PMN TLR-2 did not affect bacterial 
binding to PMNs. PMN-mediated bacterial ingestion and 
intracellular killing of S. aureus and E. coli were both 
significantly inhibited when TLR-2 was blocked. 





Values are mean(s.d.). MCF, mean cell fluorescence. *P< 0-05 versus 
PMNs without Mab 2392 (analysis of variance) 

Conclusion: These results indicate a crucial role for TLR-2 
in initiating PMN-mediated phagocytosis and intracellular 
killing of invading micro-organisms during bacterial 
infection. 
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Potential of dietary supplementation in patients with 
carotid artery disease 


K. Rerkasem, C. P. Shearman, J. M. C. Garry, F. Thies, 
P. Yaqoob, J. Williams, G. E. Morris, M. J. Phillips, 

P. J. Gallagher, P. C. Calder and R. F. Grimble 

Institute of Human Nutrition, University of Southampton, 
Southampton, UK 

Background: Rupture of an atherosclerotic plaque 1s 
common and often leads to major clinical events such as 
stroke. Some polyunsaturated fatty acids (PUFAs), such as 
those in fish oil (n-3 PUFAs) and sunflower oil (n-6 PUFAs), 
have been suggested to improve plaque stability. The 
rapidity and extent to which dietary supplementation with 
these PUFAs altered plasma and atherosclerotic plaque 
lipid profiles were investigated. 

Methods: Some 168 patients awaiting carotid endarterect- 
omy were recruited to the study, which was approved by the 
ethics committee. Patients were randomized to take 
capsules containing n-3 PUFAs (group 1), n-6 PUFAs 
(group 2) or placebo (group 3). Plasma lipid profiles were 
determined before and after supplementation. Fatty acid 
composition and the concentration of KP-1, a marker of 
inflammation, in the plaque were determined after opera- 
tion. 

Results: Median duration of supplementation was 50 (range 
7-94) days. Group 1 showed a significant change in lipid 
profiles: the plasma level of low density lipoprotein n-3 
PUFAs increased from 1-2 to 4-2 g per 100 g total fatty acids. 
This was reflected by significantly increased n-3 PUFA 
plaque content in group 1 (1-45 versus 1-13 and 1.08 g per 
100 g total fatty acid in groups 2 and 3 respectively). This 
was matched by a significant reduction in KP-1 concentra- 
tion in group 1 compared with that in groups 2 and 3. 
Conclusion: Short-term supplementation of fish oil (n-3 
PUFAs) resulted in a rapid change in plasma and plaque 
lipid profiles. This suggests that it may be possible to affect 
atherosclerotic disease progress by dietary supplementa- 
tion. 


Inhibition of tumour xenograft growth by targeting 
hypoxic gene expression 


S. E. Khorsandi and A. K. Kakkar 

Department of Surgical Oncology and Technology, Faculty of 
Medicine, Imperial College, Hammersmith Hospital, London, 
UK 

Background: A determinant of conventional cancer treat- 
ment failure and malignant progression is hypoxia within 
the tumour microenvironment. Hypoxia inducible factor 
(HIF) la, a transcription factor that mediates changes in 
gene expression, is a key element in the hypoxic cellular 
response. Two alternative cloning strategies were designed 
to suppress its activity. 

Methods: Four cell groups were established for the 
colorectal (HT-29) cancer cell line: (1) wild type 
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(unaltered cancer cell); (2) peDNA3 transfected (an 
empty control vector); (3) HIF-la@ dominant negative 
transfected; and (4) HIF-1la@ antisense transfected. HIF- 
la dominant negative or antisense were the alternative 
strategies used to suppress HIF-lo activity. Forty-four 
nude mice were divided into four groups (7=11) to 
correspond with the cell groups. Each animal received a 
subcutaneous injection of 1 x 10° cells into each flank. 
Animals were monitored for tumour development. 
‘Tumours were measured twice a week until death (day 
24 after inoculation). Tumour growth was assessed by 
calculating the tumour volume using the standard 
equation V=0.5 (Lx W*), where F is tumour volume, 
L is tumour length and W is tumour width. 

Results: ‘Transfection with HIF-lo antisense inhibited 
tumour growth. This effect was found to be significant at 
all time points, compared with wild-type and pcDNA3- 
transfected controls (P<0-001). Transfection with 
dominant negative HIF-1o produced a similar response 
but the effect was significant only on days 20 and 24 
(P=0-041 and P=0-005 respectively). At death, tumours 
transfected with HIF-la@ antisense or dominant negative 
were +3 per cent (mean(s.e.m.) 0-09(0-02) em?) and 24 per 
cent (0-12(0-026)cem*) smaller in volume, respectively, 
than tumours transfected with control plasmid 
(0-16(0-02) em*). 

Conclusion: ‘These results demonstrate that targeting 
HIF-lo by either antisense or novel dominant negative 
protein strategy significantly inhibited tumour xenograft 
growth in nude mice and may have a bearing on cancer 
therapy development in the future. 


Leucocyte—endothelium interaction in the symptomatic 
carotid plaque 


G. S. Clayton, J. Adams, J. Golledge, M. R. Nohadani, 

A. E. Bishop, R. M. Greenhalgh and A. H. Davies 
Department of Vascular Surgery, Charing Cross Hospital, 
London, UK 

Background: Differences in the natural history of sympto- 
matic and asymptomatic carotid stenosis may be reflected in 
changes in plaque biology. 

Methods: Following ethics committee approval, carotid 
artery plaques were obtained from symptomatic (7 = 34) or 
asymptomatic (7 = 10) patients with internal carotid artery 
stenosis greater than 70 per cent. These were stained for the 
adhesion molecules intercellular adhesion molecule 
(ICAM) 1, P-selectin, E-selectin, platelet endothelial cell 
adhesion molecule (PECAM) and the gelatinase matrix 
metalloproteinase (MMP-9). Areas of staining for the whole 
plaque, cap, cere and shoulder were analysed with the 
analySIS computer programme. 

Results: The study comprised +4 patients of whom 32 were 
men (mean age 70-1 (range 50-83) years). 
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Values are median (interquartile range). "P=0.05, +P = 0-006 versus 
symptomatic (Mann-Whitney U test) 

Conclusion: ‘The levels of factors promoting leucocyte 
adhesion and migration are greatest in symptomatic carotid 
artery plaques and lowest in plaques from asymptomatic 
patients. 


Detection of telomerase activity in circulating colorectal 
tumour cells 


L. Titu, J. Greenman, V. Jordison, J. R. T. Monson and R. 
L. Loveday 

Academic Surgical Unit, Castle Hill Hospital, Hull, UK 
Background: Despite apparently curative resection, up to 10 
per cent of patients with Dukes’ A colorectal cancer and 25 
per cent of those with Dukes’ B tumours relapse and die 
from metastatic disease within 5 vears. This indicates that 
the metastatic process may already have been established 
before or at the time of resection, and that the detection of 
tumour cells in the circulation at this time may have 
important prognostic or diagnostic implications. 

Methods: ‘Thirty-six sequentially presenting patients under- 
going surgery for colorectal cancer and ten healthy controls 
were included in the study. Patient blood samples were 
taken before operation, and at 1 and 7 days after surgery. 
Peripheral blood mononuclear cells (PBMCs) were isolated 
trom whole blood by Ficoll density gradient centri fugation. 
Circulating epithelial cells were then isolated from PBMCs 
by incubating with the epithelium-specific antibody 
BerEP4 conjugated to magnetic beads. Cells were harvested 
using a magnetic field, lysed, and the protein content was 
determined and standardized. Telomerase activity was 
detected in lysates using TeloTAGGG Telomerase PCR 
ELISA (Roche, Lewes, UK). 

Results: Twelve patients who were positive for circulating 
tumour cells (CTCs) before operation were identified, 
indicating that the method described may have some value 
as a diagnostic tool. Sixteen patients were negative for 
CTCs before surgery but were positive after the operation, 
indicating that surgical manipulation had resulted in the 
introduction of tumour cells into the circulation. For 11 of 
these patients, the CTCs were still detectable at 7 days. The 
presence of telomerase-positive CTCs did not correlate 
with Dukes’ stage. None of the healthy controls exhibited 
telomerase activity in epithelial cells. 
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Conclusion: The method described represents a simple and 
specific method for the detection of CTCs in patients with 
colorectal cancer. The detection of telomerase activity in 


CTCs may have prognostic implications independent of 


currently established staging systems; the longer-term 
follow-up of these patients will assess this. 


Relaxing properties of L-arginine on the isolated internal 
anal sphincter are not due to nitric oxide 


A. G. Acheson, N. Griffin, H. J. Gruss*, J. H. Scholefield 
and V. G. Wilsont 

Department of Surgery and School of Biomedical Sciences, 
Queen's Medical Centre, Nottingham, UK and *Norgine, 
Marburgb, Germany 

Background: Topical L-arginine has been shown to reduce 
resting anal pressure in healthy human volunteers without 
significant side-effects and may therefore be of benefit in the 
treatment of conditions associated with anal hypertonia 
such as chronic anal fissure. The aim of this 77 vitro study 
was to investigate whether L-arginine achieves its action via 
the nitric oxide pathway. 

Methods: Using an established sheep internal anal sphincter 
model, strips of internal sphincter were placed in isolated 
organ baths. Paired segments were exposed to a cumulative 
concentration of L- -arginine in the presence and absence of 
(1) 100umoll NM *-nitro-L-arginine methyl ester (L- 
NAME), a nitric oxide synthase inhibitor, and (2) 
3umoll! 1H-[1,2,4]oxadiazolo[4,3-a]-quinoxalin-1-one 
(ODQ), a soluble guanylyl cyclase inhibitor. The experi- 
ments were repeated with D-arginine. 

Results: L-Arginine had little effect onthe myogenic tone at 
concentrations of 1-10 mmol’, but resulted in a mean 
(s.e.m.) reduction of 39-8(3.0) and 78-2(5-0) per cent in 
baseline tone at 30 and 100 mmol l’ respectively (7 = 17). 
The addition of L-NAME (n =9) or ODQ (7 =8) did not 
significantly alter this response. D-Arginine also caused a 
mean(s.e.m.) reduction in tone of 32-3(3-1) and 65-8(4-6) 
per cent at 30 and 100 mmol 1"! respectively, and again this 
response was not affected by the addition of L-NAME 
(n=), 

Conclusion: L-Arginine has a relaxant effect at high 
concentrations in the sheep anal sphincter model, but it is 
not stereospecific and is not affected by either L-NAME or 
ODQ. Therefore, nitric oxide cannot be implicated and 
another mechanism must be involved. 


Adverse effects of REG expression on survival in 
colorectal cancer are independent of EXTL3 expression 


I. A. Hunter, S. M. Farmery, S. L. Perry, P. A. Robinson 
and P. J. Guillou 

Academic Unit of Surgery, St James's University Hospital, Leeds, 
UK 

Background: The REGI a gene product induces prolifera- 
tion in pancreatic epithelial cell lines via its receptor 
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EXTL3, and expression of REGI a@ correlates with disease 
recurrence in patients with colorectal cancer. The aim of 
this study was to examine the expression of REG] a, REGIB 
and the REG] areceptor EXTL3 in colorectal cancer and to 
establish their relationship to survival. 

Methods: Ribonucleic acid was extracted from 57 primary 
colorectal cancers. EXTL3 and REG gene transcripts were 
detected by real-time reverse transcription—polymerase 
chain reaction amplification. Three-year survival data were 
obtained from patient case notes with approval from the 
local research ethics committee. 

Results: Survival status in relation to gene expression is 
shown in the Table. 





+P=0.02 (Fisher's exact test) 
Expression levels of REGI @ were significantly correlated 


*P< 005 (%7 test); 


with those of EXTL3 (7 =0-48, P<0.001). The adverse 
effect of REG expression on survival was maintained in 
EXTL3-negative tumours, although this was significant 
only for REGIB. Cox regression established REGIA as a 
stronger predictor of death within 3 years of resection than 
REGI a (relative risk 3-79 (95 per cent confidence interval 
1-09 to 13-12)). 
Conclusion: REGIa@ and REGI expression were signifi- 
cantly associated with a reduced 3-year survival rate 
following surgical resection for colorectal cancer. The 
adverse effects of REG expression are independent of 
EXTL3 expression status. 


Effect of irradiation on colorectal tumour cell invasion: 
role of matrix metalloproteinases and integrins 


W.J. Speake, R. A. Dean, J. H. Scholefield and S. A. Watson 
Department of Surgery, University Hospital, 
Nottingham, UK 

Background: Matrix metalloproteinase (MMP) expression 
is increased after preoperative radiotherapy but there is no 
evidence that this results in increased cell invasion. This 
study addressed the effect of irradiation on the invasion of a 
colorectal tumour model in a functionality assay. 
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Methods: Colorectal fibroblasts (ccd-18Co) were co- 
cultured with an increasing ratio (0-001-2 : 1) of the human 
colorectal tumour cell line LoVo. MMP expression and 
activation was measured by zymography. The fibro- 
blast: epithelial cell ratio resulting in maximal MMP 
expression was used to study invasion on the mock basement 
membrane, Matrigel. @VB3 integrin gene expression was 
measured by real-time polymerase chain reaction as it plays 
a role in MMP-2 activation. 

Results: Maximal expression of pro-MMP-2 protein was 
seen at a ratio of 5:1 tumour cells: fibroblasts (1-2-fold 
increase; P= 0-01, Student’s ¢ test). This was accompanied 
by a 1-7-fold increase in gene expression of the €V subunit 
(P= 0-05, Student’s z test). The level of the B3 subunit was 
not increased. On Matrigel, greater numbers of cells 
invaded 48 h after irradiation with 4 Gy than with controls 
2-7-fold increase; P= 0-08, one-way analysis of variance), 
although absolute cell numbers were decreased after 
irradiation. 

Conclusion: In this model irradiation appears to select 
tumour cells that are more invasive, possibly as a result of 
increased MMP-2 expression and activation. Selective 
inhibition of MMP expression and activation may lower 
recurrence rates further after adjuvant radiotherapy. 


Hand-assisted laparoscopic surgery improves task 
performance compared with the conventional 
laparoscopic approach 


M. Elamass, G. B. Hanna and A. Cuschieri 

Surgical Skills Unit, University of Dundee, Dundee, UK 
Background: Hand-assisted laparoscopic surgery (HALS) 
has been introduced to overcome the restrictions of 
minimal access surgery while maintaining its benefits. 
The aim of this study was to compare task performance 
using hand-assisted laparoscopic techniques compared with 
the conventional laparoscopic approach. 

Methods: The standard task entailed closure of a 3-cm 
enterotomy constructed from a non-live porcine small 
bowel inside a laparoscopic training simulator desi gned for 
HALS. A hand access device was used to introduce the 
internal hand to the operative field. Ten surgeons with no 
previous laparoscopic experience participated in the study. 
Surgeons received similar training in HALS and the 
conventional approach. Each surgeon sutured three times 
using HALS and conventional laparoscopy in a random 
sequence. The endpoints were the execution time (min), 
intraluminal bowel pressure causing water leaka ge through 
the suture line (emHO) and suture placement error score 
(deviation (in millimetres) of the entry and exit points less 
than 3mm or more than 5 mm from the enterotomy edge 
and apart). Statistical analysis was with the ¢ test for 
independent samples; P< 0-05 was considered significant. 
Results: The execution time was shorter for HALS 
(mean(s.d.) 15-1(0-9)min) than for conventional laparo- 
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scopy (22-1(1-6) min) (P< 0-001). HALS also resulted in a 
significantly higher mean(s.d.) leakage pressure (67-0(2-6) 
versus 52-2(3-6) cmH>O) and a lower suture placement error 
score (1-5(0-3) versus 6-8(1-1) mm) compared with conven- 
tional laparoscopy (P< 0.005). 

Conclusion: The quality of bowel suturing was higher using 
a hand-assisted laparoscopic technique compared with 
conventional laparoscopy. 


Dendritic cells are redistributed from the circulation into 
the colonic mucosa in patients with colorectal cancer 


A. Huang, J. Gilmour, N. Imami, P. Amjadi, 

D. C. Henderson and T. G. Allen-Mersh 

Imperial College School of Medicine, Chelsea and Westminster 
Hospital, London, UK 

Background: Increased infiltration of antigen-presenting 
dendritic cells (DCs) in colorectal cancer (CRC) is 
associated with prolonged survival. It was hypothesized 
that these tissue-infiltrating DCs are redistributed from the 
circulation; the levels of DCs in the blood, CRC, adjacent 
bowel and mesenteric lymph nodes were measured. 
Methods: Flow cytometric analyses were performed on 
preoperative peripheral venous blood samples. DCs were 
defined as negative for surface expression of CD3, CD14, 
CD16, CD19, CD20 and CD56, and as positive for human 
leucocyte antigen (HLA)-DR. Immunohistochemical 
staining for immature DCs (Langerhans cells expressing 
CD1a and Langerin) and for mature DCs expressing DC- 
LAMP was carried out on resected colorectal cancer, 
adjacent non-cancerous bowel and mesenteric lymph 
nodes. 

Results: Seventy-eight patients with colorectal cancer and 
61 ‘no-cancer’ controls were studied. The level of circulat- 
ing DCs in patients with colorectal cancer (median 0-25 per 
cent) was significantly reduced compared with that in 
controls (0-41 per cent; P<0-001). No increase in the 
absolute counts of lymphocytes, neutrophils and monocytes 
was found, indicating a true reduction in circulating DCs. 
No correlation was found between circulating DCs and 
mature DCs infiltrating in the cancer. Significantly more 
mature DCs were found in cancer and mesenteric lymph 
nodes than in adjacent non-cancerous bowel from patients 
with colorectal cancer. There was a negative relationship 
between circulating DCs and immature DC infiltration 
(CD la-positive: Kruskal-Wallis statistic 20-9, P< 0-001; 
Langerin-positive cells: Kruskal-Wallis statistic 21.0, 
P<0-001) in the non-cancerous mucosa from patients with 
cancer but not in the tumour or lymph node. 

Conclusion: These clinical findings suggest that a cancer- 
related stimulus causes immature DCs to be taken up from 
the blood by mucosa adjacent to colorectal cancer. DCs 
mature in the colorectal cancer but not in adjacent mucosa, 
and migrate to the lymph nodes. 
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Physlological changes of the anorectum following 
pelvic radiotherapy 


R. S. Kushwaha, D. Hayne, E. Wrightham, C. Vaizey, 

H. Payne* and P. B. Boulos 

Department of Surgery, Royal Free and Untverstty College 
Medical School and “Department of Oncology, The Middlesex 
Hospttal, London, UK 

Background: Faecal frequency, urgency and incontinence 
are common following pelvic radiotherapy, but the precise 
aetiology of these symptoms remains unclear. The aim of 
this study was to evaluate prospectively the effects of pelvic 
radiotherapy on anorectal function. 

Methods: -one men with carcinoma of the prostate 
(28 patients) and bladder (three) completed incontinence/ 
proctius symptom scores and anorectal physiological 
studies before and 6weeks after pelvic radiotherapy; at 
6 months 19 of the patients were studied. The results were 
compared with the Wilcoxon signed rank test. 

Results: At 6weeks, median incontinence (0 versus 4; 
P<0-001) and proctius (0 versus 2; P< 0-001) scores altered 
significantly. The median anal canal restng (83 versus 
79 cmH20; P<0-14) and squeeze (152 versus 162 cmH2O; 
P<0.27) pressures were unaltered. The median maximum 
tolerable rectal volume (245 versus 194ml; P<0-005) and 
median rectal electrical sensitivity (20 versus 22 mV; 
P<0-04) altered significantly. After 6months, compared 
with preradiotherapy values, the median incontnence (0 
versus 1; P<0-02) and proctitis (0 versus 2; P< 0-005) scores 
were significantty altered, as were anal canal i 
pressure (83 versus 73cmH,0; P<0-001) and median 
maximum rectal volume (245 versus 194 ml; P< 0-005). 
Conclusion: Acute anorectal symptoms associated with 
proctitis 6 weeks after pelvic radiotherapy are related to an 
increased rectal sensation and diminished maximum rectal 
tolerated volume. Symptoms at 6months could be ex- 
plained by the decrease in anal canal resting pressure and 
diminished maximum rectal tolerated volume. 


Heparin attenuates Ischaemla—reperfusion-Induced 
leucocyte—endothellum Interactions In the colonic 
microvasculature 


A. Riaz*t, M. X. Wan*, P. Dawsont, R. Schramm’, 

D. Klintman”’, B. Jeppsson* and EL Thorlacius* 
Departments of Surgery, “Makno’ Unrverstty Hospttal, Lund 
University, Sweden and tlmperial College School of Medicme, 
Hammersmith Hospital, London, UK 

Background: Induction of ischaemia—reperfusion (IR) 
causes increased leucocyte rolling, adhesion and extravasa- 
tion. Heparin can neutralize products of the complement 
cascade and inhibit chemoattractant-induced leucocyte 
adhesion in vitro and tissue accumulation of leucocytes in 
vmo, potentially through bindmg to CDI11b/CD18. 
However, it is not known whether heparin may interfere 
with leucocyte-endothelium interactions in the colon. 
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‘Methods: The superior mesenteric artery was occluded for 


30 min in male C57/B16 mice. Leucocyte rolling and firm 
adhesion in colonic postcapillary venules were analysed by 
means of an inverted intravital microscope after 120 min of 
reperfusion. Heparin (50-5000 units kg’) was given im- 
mediately before reperfusion. 

Results: In untreated animals, mean(s.d.) leucocyte rolling 
and adhesion were 29(3) cells per min and 79(25) cells per 
mm respectively. Notably heparin at 5000 units kg“ 
significantly reduced leucocyte rolling and adhesion by 89 
and 80 per cent respectively. Heparin at doses of 500 and 
50 unitskg™ had no effect on leucocyte responses in the 
colon. 

Conclusion: Heparin reduces leucocyte rolling and adhe- 
sion in a dose-dependent manner. These results may help to 
explain a protective effect of heparin in IR-induced tissue 
injury. 


Assessment of outcome from colorectal carcinoma 
using an artificlal neural network 


R. Mofidi, P. Neary, A. Brabazon*, A. White, R. E. Ryan, 
K. Sheahant, D. O’Donoghue and J. M. P. Hyland 
Departments of Colorectal Surgery and t Pathology, St Vincent's 
Hospital and “Department of Accountancy, 
University College, Dublen, Ireland 
Background: Accurate and consistent outcome prediction Is 
essential in the management of patients with colorectal 
carcinoma. The aim of this study was to assess the ability of 
an artificial neural network (ANN) to predict outcome from 
colorectal carcinoma, thereby individualizing the decision- 
making process in terms of follow-up and adjuvant therapy. 
Methods: Consecutive patients who presented with Dukes’ 
A-C colorectal carcinoma from January 1992 to December 
1999 were identified from the St Vincent’s Hospital color- 
ectal cancer registry. Prospectively collected Amencan Joint 
Committee on Cancer category prognostic markers were 
included ın the analysis. Two- and five-year follow-up data 
were collected for these patients; censored data were 
excluded. A multilayered perceptron ANN was constructed 
and trained using the data. Twenty-five per cent of data sets 
were excluded from training and were used to evaluate the 
accuracy of predicting 5-year disease-free survival in 
individual patients using the trained ANN. ‘The accuracy 
of prediction was analysed using a confusion matrix and 
compared with multivariate logistic regression analysis. 
Results: Some 1064 patients presented with colorectal 
carcinoma, of whom 801 were available for analysis. Of these 
patients 157 had Dukes’ A, 353 had Dukes’ B and 291 had 
Dukes’ C tumours on presentation. Disease-free survival 
rates at 2 and 5 years were 79 and 58 per cent respectively. 
The mean squared error (MSE) of the ANN at predicting 
disease-free survival was 0-04 (accuracy 92 per cent). This 
was significantly better than with the logistic regression 
model (MSE 0-14, accuracy 77 per cent, P<0-01). 
Conclusion: ANNs are able to predict outcome from 
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colorectal carcinoma in individual patients with accuracy 
and outperform regression analysis. ANN is a valuable tool 
in management of patients with colorectal carcinoma. 


Quantification of lymphangiogenesis in breast cancer 
using a lymphatic endothelial marker, LYVE-1 


G. H. Cunnick, W. G. Jiang, K. F. Gomez, 

A. Douglas-Jones and R. E. Mansel 

Department of Surgery, University of Wales Colle ge of Medicine, 
Cardi ff ‘ UK 

Background: Lymphangiogenesis plays an important part in 
cancer growth and metastasis. Research into lymphangio- 
genesis has been limited by the lack of specific markers. 
Using a novel, highly specific, lymphatic endothelial 
marker, LYVE-1, lymphangiogenesis in lymph node- 
positive breast cancers, node-negative tumours and back- 
ground normal breast tissue was quantified. 

Methods: RNA was extracted and equal concentrations of 
complementary DNA (cDNA) were synthesized from 103 
blinded archival breast specimens. F ollowing conventional 
polymerase chain reaction (PCR) with LYVE-1 primers, 
the PCR product was sequenced and found to be homo- 
logous with the LYVE-1 DNA sequence. The LYVE-1 
PCR product was subsequently cloned, and plasmids 
containing the sequence were extracted and used as internal 
standards. Real-time quantitative PCRs were performed on 
the breast CDNA and plasmids, using a Scorpion detection 
system with primers specific for a smaller part of the LYVE 
sequence. Reactions were repeated four times to minimize 
errors. The original concentration of LYVE-1 cDNA was 
deduced by reference to the plasmid standards. Results 
between the nodal groups were compared with Student’s 7 
test. 

Results: LYVE-1 messenger RNA was found in 98 of 103 
specimens. The mean concentrations of RNA in the 
specimens (copy numbers per microlitre) were as follows: 
node-positive tumours 2853-8 (7 =32); node-negative 
tumours 369-9 (7=58); background breast tissue 12.5 
(7=13). The difference between node-positive and node- 
negative tumours was significant (P = 0-04), 

Conclusion: Itis possible to quantify lymphangiogenesis by 
using a highly specific lymphatic marker. With this 
technique the rate of lymphangiogenesis was found to be 
higher in node-positive breast cancers than in node- 
negative tumours. 


Cyclo-oxygenase 2 and growth factor receptor 
expression in breast neoplasia 


G. P. Boland, I. S. Butt, R. Prasad, W. F. Knox* and 

N. J. Bundred 

Departments of Surgery and *Pathology, University Hospital of 
South Manchester, Manchester, UK 

Background: 9 Cyclo-oxygenase (COX) type 2 is over- 
expressed in colorectal cancer, and COX inhibition 
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prevents the development of colonic cancer. COX-2 is also 
overexpressed in breast cancer, although the mechanism of 
COX-2 upregulation in neoplasia is not clear. This study 
aimed to determine whether COX-2 expression is related to 
the expression of hormone or growth factor receptors, 
tumour grade or cellular proliferation in ductal carcinoma 
in situ (DCIS) or invasive breast cancer (IBC). 

Methods: COX-2, C-erbB2, epidermal growth factor 
receptor (EGFR), oestrogen receptor (ER) and Ki67 
receptor expression were determined by immunohisto- 
chemistry of paraffin sections and assessed by light 
mucroscopy. Expression was scored from 0 to 4 for each 
marker. 

Results: COX-2 expression in DCIS (P<0-001) and IBC 
(P< 0-001) was significantly greater than in normal breast. 
‘There was no difference in COX-2 expression level between 
DCIS and IBC (P=0-.87). In DCIS, COX-2 expression 
correlated significantly with C-erbB2 expression (P = 0-05), 
but not with that of EGFR, ER, Ki67 or tumour grade. In 
invasive cancer, COX-2 correlated si gnificantly with EGFR 
(P= 0-02) but with no other parameter. 





Conclusion: The association of COX-2 expression with 
growth factor expression in DCIS and IBC suggests that 
growth factor receptor activation is involved in COX-2 
upregulation in breast neoplasia. COX-? inhibition may 
have a role in EGFR and C-erbB2-positive breast cancer. 


Intraoperative assessment by optical biopsy for lymph 
node metastasis in breast cancer 


A. C. Lee, C. D. O. Pickard, M. R. S. Keshtgar*, 

G. M. Briggs, M. Falzont, S. Lakhani‘, P. J. Ells, I. Bigio§ 
and S. G. Bown 

National Medical Laser Centre, Departments of “Surgery and 
t Histopathology and ilnstitute of Nuclear Medicine, Royal Free 
and University College Medical School, University College 
London, UK and Department of Biomedical Engineering, 
University of Boston, Boston, Massachusetts, USA 

Background: Intraoperative assessment of the sentinel 
lymph node (SLN) enables the surgeon to decide on 
immediate axillary lymph node dissection at the time of 
SLN biopsy. The aim of this study was to develop a device 
(optical biopsy system; OBS) for use during surgery that is 
capable of assessing lymph nodes (LNs) for metastasis in 
patients with invasive breast cancer, using the principles of 
elastic scattering spectroscopy (ESS). 

Methods: ESS involves the spectral analysis of light 
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scattering by intracellular and extracellular components, 
and is sensitive to morphological changes in tissue. The 
optical biopsy process involves the delivery of light from a 
light source directly on to the sectioned surface of LNs via 
an optical fibre. After scattering by the tissue, the light 1s 
collected by a second optical fibre and analysed by a 
spectrometer and a computer, generating an optical 
spectrum. ‘The optical spectrum is against a 
training set of optical spectra from LNs using model-based 
analysis to determine the status of the LN. The result was 
compared with the histological findings. 

Reeultts: In total, 75 LNs were tested. OBS provided a 
diagnosis in 72 LNs (three nodes were deemed indetermi- 
nate) and was correct in 62 nodes. OBS was able to identify 
metastasis correctly in 16 of 19 LNs, compared with 
histological findings. There were seven false positives and 
three false negatives, giving a sensitivity of 84-2 per cent and 
a specificity of 86-8 per cent. 

Conclusion: Current intraoperative techniques to assess 
SLNs are imprint cytology and fresh-frozen section, which 
are time consuming and operator dependent. The OBS has 
the potential to provide instant and non-operator-depen- 
dent intraoperative analysis of SLNs in patients with breast 
cancer. 


Analysis of potential risk factors for falled Jocallzatlon of 
axillary sentinel nodes in breast cancer 


R. E. Mansel, Pe a e a 
Against Nodal Axillary Clearance trialists gro 


Department of Surgery, University of Wales Clera of Medicine, 
, UK 


Background: Sentinel node biopsy is increasingly used in the 
management of breast cancer. The aim of this study was to 
determine factors that may lead to an increased incidence of 
failed sentinel node localizations in patients with breast 
cancer. 

Methods: The data for 500 patients from the audit phase of 
the UK ALMANAC trial were analysed. The following 
variables were studied: patient body mass index (BMD, site of 
primary tumour (upper outer or inner, lower outer or inner 
quadrants), histopathological size and type of tumour, and 
axillary nodal status (positive or negative). Results were 
compared with Student’s ż test and the 7 test. 

Results: The mean(s.d.) BMI for failed and successful 
sentinel node localizations was 32-96(7-39) and 25-91(4-44) 
respectively (P < 0-001). Theincidence of failed localizations 
in tumours in the different breast quadrants was as follows: 
2-1 per cent (upper outer), 2-2 per cent (lower outer), 7-0 per 
cent (upperinner) and 11-1 percent (lowerinner) (P< 0-001). 
Failed localizations occurred in 3-1 per cent of tumours up to 
20 mm in size and in 4-2 per cent tumours over 20 mm. Some 
8-9 per cent of mvasive lobular carcinomas were failed 
localizations, compared with 2-1 per cent of invasive ductal 
carcinomas and no tubular or mucinous tumours. Finally, 
failed localizations occurred in 3-7 per cent of node-positive 
axillas and in 1-8 per cent of node-negative axillas. 
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Conclusion: A high BMI (over 30), tumours in the inner half 
of the breast and invasive lobular carcinomas were found to 
be statistically significant msk factors for failed sentinel node 
localization ın breast cancer. In contrast, tumour size and 
node status did not appear to affect localization. 


Hypoxla Induces augmented malignant potential via 
nuclear factor «8-mediated metalloprotease 
upregulation In a variety of adenocarcinomas 


P. F. Ridgway, S. Olsen, P. Ziprin, P. A. Paraskeva, 

D. H. Peck and A. W. Darzi 

Academic Surgical Unit, Imperial College Faculty of Medicme, 
St Mary’s Hospital, London, UK 

Background: Hypoma within solid adenocarcinomas 
and protease upregulation have been independently im- 
plicated as poor prognostic indicators in a variety of tumour 
types. The authors hypothesized that matrix metallopro- 
teases (MMPs), lacking a hypomc response element, are 
upregulated via a nuclear factor (NF) «B-dependent path- 
way. 

Methods: Colonic (SW1222), breast (MDA-MB231) and 
pancreatic (PSN-1) tumour cell lines were exposed to 
hypoxia (1 per cent oxygen, 94 per cent nitrogen, 5 per cent 
carbon dioxide) for a period of 24h. Invasion across 
Matrigel’™-coated 8-um Transwell!™ filters as well as 
cell viability was assessed using a non-radioactive cell 
proliferation assay (Promega, Southampton, UK). Activity 
of MMP-2 and MMP-9 was assessed by means of gelatin 
zymography. Expression of tissue inhibitor of metallopro- 
teases (TIMP) 1 was quantified using an enzyme-linked 
immunosorbent assay (Biotrak, Amersham Pharmacia 
Biotech, UK). Inhibition of invasion assays was performed 
using a specific gelatinase inhibitor (MMPI, Calbiochem, 
Nottingham, UK). NF-«B inhibition of zymography was 
performed using SN50 (Biomol, UK). Electromobility 
band shift assays were utilized to characterize the NF-«B 
response to hypoxia, together with Western blotting for its 
inhibitor, I-«xB. Data were analysed with the Mann- 
Whitney U and Kruskal-Wallis tests. 

Results: All tumour lines demonstrated augmented inva- 
sion over 72h (P<0-01 for all groups). A concomitant 
significant increase in MMP-2 and MMP-9 activity was 
observed in the SW1222 and PSN-1 lines, and MMP-9 and 
103-kDa gelatinase in MDA-MB231 (P<0-001). This 
increased activity was attenuated by the addition of SN50 
(P<0-001). TIMP-1 expression was significantly lower in 
the hypoxic group (P< 0-05). NF-«B demonstrated a band 
shift in response to hypoxia, with levels of I-xB significantly 
decreased on Western blotting (P< 0-001). 

Conclusion: Hypoxia induces an increased invasive capacity 
via gelatinase upregulation mediated by NF-KB without 
loss in cell viability. This provides a novel mechanism 
explaining the poorer prognosis seen in patients with 
protease-secreting solid adenocarcinomas. 
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Does stopping hormone replacement therapy in newly 
diagnosed breast cancer reduce epithelial proliferation? 


R. Prasad, G. P. Boland, A. Cramer*, E. Anderson* and 
N. J. Bundred 
University Hospital of South Manchester and “Paterson Institute 
for Cancer Research, Manchester, UK 
Background: Stopping hormone replacement therapy 
(HRT) before surgery leads to increased vasomotor 
disturbances but may potentially prevent tumour growth. 
This study aimed to determine the effect of stopping HRT 
on epithelial proliferation and its relation to receptor status 
and grade in early breast cancer. 
Methods: A study was undertaken of 85 women who, at 
diagnosis by Tru-cut (Travenol Laboratories, Thetford, 
UK) biopsy, were on HRT (70 stopped HRT and 15 
controls continued taking HRT until operation). 
Oestrogen receptor (ER), progesterone receptor (PR) and 
Ki67 labelling index (a measure of epithelial cell prolifera- 
tion) were determined by immunohistochemistry on paired 
sections of the core biopsy and operative specimens for each 
patient. Tumours with more than 5 per cent cell nuclear 
staining were considered ER and PR positive. 
Results: Women who stopped HRT showed a significant 
drop in proliferation compared with those who continued 


HRT (P=0-02). 





Values in parentheses are “number of patients and tinterquartile range 
‘The fall in proliferation was seen in ER- and PR-positive 
tumours and was aoan greater in grade | (7 =45) 
than in grade 2 and 3 (7 =25) tumours (P=0-01). 
Conclusion: Withdrawal of HRT in patients with newly 
diagnosed breast cancer is nec essary for ER- -positiv e, PR- 
positive tumours. There was greater benefit in stopping 
HRT in lower-grade than in higher- grade tumours, 


Vascular endothelial growth factor blockade increases 
tumour cell apoptosis under hypoxic conditions 


J. H. Harmey, M. P. Barr, D. Toomey and 

D. Bouchier-Hayes 

Royal College of Surgeons in Ireland Department of Surgery, 
Beaumont Hospital, Dublin, Ireland 

Background: Vascular endothelial growth factor (VEGF) is 
a survival factor for tumour cells, and hypoxia increases the 
release of VEGF. It was hypothesized that VEGF acts as a 
survival factor for tumour cells, protecting them from 
apoptosis under hypoxic conditions 

Methods: Murine (411) and human (MDA-MB-231) 


mammary adenocarcinoma cells were incubated with 
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neutralizing antibody to VEGF (1 ug m`) or recombinant 
VEGF (100 ng ml™') under normoxic and hypoxic condi- 
tions. VEGF and Bcl-2 expression were assessed by 
Western blotting, and tumour cell apoptosis was deter- 
muned with the TUNEL (terminal deoxyribonucleotidy! 
transferase-mediated deoxyuridine triphosphate nick end 
labelling) assay. 

Results: Hypoxia significantly increased VEGF expression 
by both tumour cell lines (4T 1: normoxia 0-15 versus hypoxia 
0.36 pg per ug protein; MDA-MB-23 1: normoxia 7-35 versus 
hypoxia 12-18 pg perug protein; P<0-05), Neutralizing 
antibody to VEGF blocked hypoxia-induced expression of 
Bel-2. Anti- VEGF antibodies induced tumour cell apoptosis 
under hypoxia (411: hypoxia 6 per cent versus hy poxia plus 
anti-VEGF 13 per cent; MDA-MB-231: hypoxia 7-2 per 
cent versus hypoxia plus anti-VEGF 20 per cent). 
Conclusion: In addition to its angiogenic activity, this study 
confirmed that VEGF prevents tumour cell apoptosis by 
increasing Bel-2 expression. Anti- VEGF strategies may 
sensitize hypoxic and therefore resistant tumour cells to 
chemotherapy and irradiation. 





Epidermal growth factor receptor contro! of epithelial 
proliferation and progesterone receptor expression in 
normal breast epithelium 


K. C. Chan, W., F. Knox, J. G. Gee, R. I. Nicholson and 
N. J. Bundred 

Academic Department of Sur gery, South Manchester Univer. sity 
Hospital, Manchester, UK 

Background: Oestrogen i is the major hormone controlling 
the proliferation and induction of the progesterone 
receptor (PR) in normal breast epithelium, but primary 
culture of breast produces oestrogen receptor (ER)- 
negative cells which proliferate in response to epidermal 
growth factor (EGF) stimulation. 

Methods: Io determine the role of EGF receptor (EGFR) 
in controlling the proliferation and expression of PR in the 
normal breast, a study was undertaken of human breast 
tissue implanted into athymic nude mice from 19 pre- 
menopausal women. After 14days mice received either 
control gavage, Iressa (an EGFR tyrosine kinase inhibitor; 
TKI) gavage, oestradiol 2-mg (E2) implant plus control 
gavage, or oestradiol and Iressa gavage. Implants were 
removed on days 14, 21 and 28, and proliferation was 
determined by means of Ki67 immunohistochemical 
labelling and PR expression. 

Results: EGFR TKI inhibited both unstimulated and 
oestrogen-stimulated ep:thelial proliferation. 





Values are percentage (95 per cent confidence interval) *P< 0-001 versus 
control gavage; +P< 0-001 versus control gavage plus E2 implant 
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Conclusion: The EGFR is central in control of growth 
and induction of oestrogen-induced gene expression in 
normal breast. Blockade of the EGFR may represent a 
novel chemoprevention strategy for breast cancer. 


Probiotics confer protection against perioperative 
metastatic tumour growth 


J. C. Coffey, M. Doyle, L. O’Mahony*, J. H. Wang, 

D. Maguire, F. Shanahan’, K. Collins*, W. O. Kirwan and 
H. P. Redmond 

Departments of Academic Surgery, “M icrobiology and 
+Medicine, Cork University Hospital and University College 
Cork, Ireland 

Background: Bacterial translocation and endotoxaemia 
enhance perioperative metastatic growth. As probiotics 
alter the enteric microflora, their effect on metastatic 
development after surgery was investigated. 

Methods: Balb/c mice (7=40) underwent a tail vein 
injection of 1X 10° highly metastatic murine adeno- 
carcinoma 411 cells. Animals were fed control or 
probiotic feed containing Lactobacillus salivarius (sub- 
species salivarius) and Bifidobacterium infantis up to a nd 
following laparotomy on day 14. All were killed after 
28days, when serum endotoxin was assayed using the 
Limulus amoebocyte assay. Metastatic burden was eval- 
uated using lung: body-weight ratio and a metastatic 
index (mean number of metastases per ten low-power 
fields). Mitotic counts and TUNEL (terminal deo- 
xyribonucleotidyl transferase-mediated deoxyuridine tri- 
phosphate nick end labelling) apoptotic indices (mean 
number of apoptotic cells per metastasis) were estab- 
lished. 

Results: In animals receiving probiotic feed, surgically 
induced increments in metastatic tumour growth were 
abolished. This correlated with a significant reduction in 
mitotic count, metastatic load and serum endotoxin 
levels. 





Values are mean(s.e.m.). LPS, lipopolysaccharide. *P< 0-05 (analysis of 
variance) 

Conclusion: These results endorse a role for the gut in 
postoperative metastatic tumour growth. They identify a 
novel strategy for protection against metastatic tumour 
growth in the perioperative period. 
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Novel stool-based screening test for colorectal cancer 
using antibodies directed against DNA replication 
protein, minichromosome maintenance protein 2 


R. J. Davies*+, L. Morris*, N. Bailey?, S. Bingham:, N. 
Coleman? and R. Miller* 

"Department of Surgery, Addenbrooke's Hospital, *M edical 
Research Council Cancer Cell Unit and Medical Research 
Council Dunn Human Nutrition Unit, Cambridge, UK 
Background: The aim was to develop a stool-based screen- 
ing test for colorectal cancer (CRC) using antibodies 
directed against minichromosome maintenance protein 2 
(Mcm2). Mem2 is a member of the preinitiation complex 
essential for DNA replication and is an accurate indicator of 
cell cycle entry by neoplastic cells. 

Methods: Using HT-29 CRC cells applied to the surface of 
normal stool and exposed to different conditions, a protocol 
was developed for optimal CRC cell retrieval and detection 
of Mem2. Sixty subjects were then recruited into a clinical 
evaluation study with ethics committee approval. 
Colonocytes were retrieved from the stool surface using 
three techniques: (1) direct smear, (2) centrifugation of a 
suspended solution washed over the stool surface and (3) 
addition of magnetically labelled microbeads. Expression of 
Mem? by colonocytes was assessed by means of immuno- 
cytochemistry. 

Results: The HT-29 model showed that CRC cell yield is 
adequate for up to 8h after defaecation, with an improved 
yield on ice. More than 95 per cent of HT-29 CRC cells 
express Mcm2 up to 12 h after defaecation. In all 20 normal 
volunteer subjects, colonocytes were retrieved but showed 
no expression of Mem2. Of 40 patients with CRC (32 left- 
sided and eight right-sided), cells were retrieved from 36. In 
all of these cases, Mcm2 was expressed by the CRC cells. 
The direct smear and centrifugation techniques enabled 
retrieval of Mcm2-positive cells in significantly more cases 
than the magnetic microbeads (P<0-001 for each). A 
combination of smear and centrifugation techniques was 
adequate for isolation of CRC cells in 35 of the 36 test- 
positive cases. To date, the performance of the test overall 
is: sensitivity 90 per cent, specificity 100 per cent, positive 
predictive value 100 per cent and negative predictive value 
83 per cent. 

Conclusion: This new technique shows that a high 
percentage of colorectal cancers can be detected by 
immunocytochemical analysis of exfoliated cells from the 
surface of human stool. 


Fluorescence imaging endoscope for early detection of 
gastrointestinal malignancy 


K. A. Hamdan, S. Mohamed, V. Nadaeu, I. Tait, M. Padgett 
and A. Cuschieri 

Departments of Surgery and Molecular Oncology, Ninewells 
Hospital and Medical School, Dundee, UK 

Background: A fluorescence imaging endoscope that utilizes 
5-aminolaevulinic acid (ALA), an exogenous photosensiti- 
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zer, has been developed for the early detection of gastro- 
intestinal cancer. The first prototype displays the fluores- 
cence and white light images separately, while the second 
prototype ts equipped with computer software that allows 
the two images to be superimposed, thus enabling biopsies 
to be taken from suspicious areas under direct vision, 
Methods: After obtaining ethical approval, 25 patients 
with histologically proven gastrointestinal cancer were 
sensitized with S-aminolaevulinic acid (ALA) 20- 
40mgkg™' orally 46h before endoscopy. Twenty 
patients (ten with colorectal, five with oesophageal and 
five with gastric cancer) were tested with the first 
prototype and five patients (all with rectal rumours) with 
the second prototype. 

Results: Fluorescence endoscopy using both prototypes 
positively identified all tumours (sensitivity 100 per cent). 
However, there was a high false-positive rate (specificity 
70 per cent). As the two images in the first prototype are 
separate, accurate localization of tumours in the naviga- 
tional image was difficult. The second prototype gener- 
ated a composite image that accurately localized 
suspicious areas on the colour image, thus enabling 
biopsies to be taken for further evaluation. 

Conclusion: This fluorescence detection system is highly 
sensitive for the detection of gastrointestinal tumours. 
Superimposing fluorescent images on white light images 
is an important development, and allows accurate 
localization of suspicious areas. Further work is being 
carried out to improve the specificity of the system. 


Mortality and stage distribution amongst patients 
undergoing gastrectomy for cancer: initial results of a 
multicentre prospective cohort study 


J. Ward, P. McCulloch and J. Cummins, for the 
Assessment of Stomach and Oesophageal Cancer 
Outcome and Technique study group 


University of Liverpool and British Ocsophagogastric Cancer 


TY.” 


Group, UK 
Background: The optimal surgical management of gastric 
cancer remains unclear following trials of D> nodal 
dissection. An attempt was made to delineate current UK 
surgical practice and outcomes, particularly the associations 
of case volume, nodal dissection (D, or D>) and patient 
fitness with morbidity and mortality. 

Methods: A multicentre prospective cohort study of patients 
with gastro-oesophageal cancer in 30 Trusts in England and 
Wales (ASCOT) began on 1 January 1999. The morbidity 
and mortality results for patients with gastric cancer 
amongst the first 1000 cases entered are presented. 
Results: Some 52 per cent of patients had gastric cancer, 24 
per cent had junctional and 24 per cent had oesophageal 
cancer. Most gastric cancers were locally advanced and 
there was significant co-morbid pathology. No si gnificant 
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difference was seen between hi gh- and low-volume units, or 
between level D, and D; gastrectomy (see Table). The Table 
also shows the percentage of cases in each tumour (T) sta ge, 
node (N) stage and American Society of Anesthesiologists 
(ASA) grade. 





“Number of cases reported by unit per year 

Mean postoperative mortality was 16 per cent for total 
and 6 per cent for subtotal gastrectomy. 
Conclusion: Postoperative mortality following gastrectomy 
for cancer in England remains high, but no effects of case 
volume or type of nodal dissection were observed. Most 
patients present with advanced disease and significant co- 
morbid pathology. 


Physiological effects of exercise training for 
intermittent claudication: results of a randomized 
controlled trial 


A. H. R. Stewart, C. McGrath, F. C. T. Smith, R. N. Baird 
and P. M. Lamont 

Department of Vascular Surgery, Bristol Royal Infirmary, 
Bristol, UK 

Background: The physiological mechanisms underlying 
symptomatic benefits of exercise training for intermittent 
claudication remain unclear. The aim of this study was to 
investigate the functional and physiological effects of 
supervised exercise. 

Methods: Patients with stable symptoms of intermittent 
claudication were randomized to either 3months of 
supervised exercise or a control group receiving exercise 
advice alone. Patients were assessed before randomization 
and again after 3 and 6 months. Measurements included 
treadmill walking distance, ankle : brachial pressure index 
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(ABPI), heart rate, blood pressure and serum lactate 
responses to exercise. Statistical analysis was with the 
Mann-Whitney U test. 

Results: Sixty patients were randomized; 53 patients were 
followed successfully for 3 months. Supervised exercise 
increased both pain-free walking distance (PFWD) and 
maximal walking distance (MWD) compared with controls 
at 3 months (median percentage change for PFWD: 87-1 
versus 24-0 per cent, P= 0-004; MWD: 92:3 versus 25.2 per 
cent, P= 0-09), with improvements persisting at 6 months. 
At follow-up, patients in the supervised group had a 
significant reduction in resting arterial pressure compared 
with controls (mean (interquartile range) -8-1 (~ 15-5 to 
1-6) versus -1-6 (~12-7 to 6-2) mmHg, P=0-04). Serum 
lactate concentration at maximal claudication was 
significantly greater at 3 months in the supervised exercise 
group compared with controls (0-87 (0-17 to 1-66) versus 
~0-14 (~0-48 to 0-50) mmol I"', P= 0-008). This difference 
declined by 6months. Resting heart rate, heart rate at 
maximum claudication and ABPI measurements remained 


unchanged. 
Conclusion: Supervised exercise significantly improved 
claudication distance. These improvements were 


accompanied by a reduction in resting blood pressure 
and an increase in serum lactate concentration at 
maximum claudication, which subsequently declined at 
6months despite continued improvement in walking 
distance. 


Pharmacological preconditioning attenuates lower- 
torso ischaemia—reperfusion-induced diaphragmatic 
dysfunction 


F. Younis, E. M. Connolly, C. Gang, C. J. Kelly and 

D. Bouchier-Hayes 

Department of Surgery, Royal College of Surgeons in Ireland 
Education and Research Centre, Beaumont Hospital, Dublin, 
Ireland 

Background: Respiratory complications occur in up to 60 
per cent of patients after aortic surgery. Teprenone is a 
known heat shock protein inducer licensed for use in 
humans. 

Methods: The aim of this study was to determine the effect 
of Teprenone on diaphragmatic dysfunction secondary to 
lower-torso ischaemia-reperfusion (IR) injury. Male 
Sprague-Dawley rats (7 =36) were randomized into four 
groups: control, IR, IR plus vehicle, and IR plus Teprenone, 
which was given by gavage 24h before IR. IR was achieved 
by placing an infrarenal aortic clamp for 60 min followed by 
24h of reperfusion. Diaphragm muscle contractile function 
was assessed using electric field stimulation in a tissue bath. 
Heat shock protein expression was evaluated by Western 
blotting. 
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Results: 





Values are mean(s.e.m.). “P< 0-05 versus IR (analysis of variance) 
Conclusion: Teprenone attenuates aspects of diaphrag- 
matic function after lower-torso IR injury, especially fast 
fibres and fatiguability. This clinically licensed drug 
should be evaluated for use in vascular reconstructive 
surgery. 


Disease profile of complete pathological responders 
following neoadjuvant chemoradiotherapy and curative 
resection in oesophageal cancer 


T. J. Murphy, D. Evoy, M. R. Kell, M. Griffin, R. Conroy, 
T. P. Hennessy and J. V. Reynolds 

Department of Clinical Surgery, St James’s Hospital, Dublin, 
Ireland 

Background: The use of neoadjuvant chemotherapy in the 
treatment of oesophageal cancer results in approximately 25 
per cent of patients exhibiting a complete response at 
histological examination. This study examined the overall 
survival, disease-free survival, disease recurrence and 
patterns of first failure for complete pathological respon- 
ders compared with patients with stages I, Ha (node 
negative) and Hb- (node positive) disease after chemo- 
therapy and surgical resection. 

Methods: A total of 69 patients treated with neoadjuvant 
chemotherapy and Roy surgical resection were followed 
prospectively over a 10-year period witha median follow-up 
of 40months. Twenty-one patients had a complete 
pathological response (CPR) while 14, 18 and 16 patients 
were staged histologically at stages I, Ha and Hb-HI 
respectively. 

Results: The complete responders did not have a sig- 
nificantly higher median overall survival compared with 
patients with stages I and Ia (55 versus 44 versus 46 months 
respectively; P=0-91, log rank test). The CPR group did 
have a significantly higher median survival than patients 
with stage IIb-IH disease (55 versus 16 months; P= 0-04). 
Failure was predominantly systemic rather than local in the 
CPR group. Univariate and multivariate analysis demon- 
strated that nodal status, squamous cell histology and 
worsening tumour cell differentiation were associated with 
disease recurrence. 

Conclusion: Following neoadjuvant chemotherapy and Ro 
surgical resection, patients with stage Land Ha disease have a 
similar survival to patients who exhibita CPR. Nodal status 
remains the critical predictor of outcome in oesophageal 
cancer. 
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Interleukin 12 polymorphisms in a benign dyspeptic 
population 


E J. Dickson, A. J. Morris*, C. Craig, J. Eskdale, 
G. Gallagher and R. C. Stuart 


University Department of Surgery and “Department of 


Medicine, Glasgow Royal Infirmary, Glasgow, UK 
Background: Cytokine function is believed to play a role in 
benign and malignant mucosal disease. Polymorphisms at 
host genetic level may be important in determining 
susceptibility to different mucosal responses. The aim of 
this study was to examine the polymorphisms of interleukin 
(IL) 12, a proinflammatory cytokine, in a large benign 
dyspeptic group with a high prevalence of Helicobacter pylori 
infection. 

Methods: The study cohort, a dyspeptic population 
(z = 300) on acid suppression therapy, was subdivided into 
ulcer (7=96), non-ulcer (7 = 156) and ‘not investigated’ 
(n= 48) categories. DNA was extracted from peripheral 
blood leucocytes and the distribution of the IL-12 alleles 
was determined by polymerized chain reaction, followed by 
restriction enzyme digestion. 

Results: The genotype frequencies for the study population 
were: A/A, 66-3 per cent; A/C, 29-7 per cent; and C/C, 4 per 
cent. These are similar to the normal control frequencies of 
64-2, 31-6 and 42 per cent respectively. However, the 
genotype frequencies for patients with ulcer (42) versus non- 
ulcer (56) in the Helicobacter-positive group were 59.5, 38-1 
and 2-4 per cent versus 78-6, 16-1 and 5-4 per cent 
respectively (P = 0-04), 

Conclusion: There is a significant difference between 
patients with a Helicobacter-positive ulcer and those without 
an ulcer. The authors have previously demonstrated a 
similar increased frequency of the A/A genotype in patients 
with H. pylori-positive gastro-oesophageal cancer, and this 
study therefore suggests that the polymorphisms of the 
proinflammatory cytokine [L-12 influence the host re- 
sponse to H. pylori infection. 


Proliferation and apoptotic gene expression in 
oesophageal cancer: predictors of response to 
neoadjuvant chemotherapy and radiotherapy 


D. M. Beardsmore, C. Verbeke*, C. L. Davies, P. J. Guillou 
and G. W. B. Clark 

Academic Department of Surgery and *Department of Pathology, 
St James's University Hospital, Leeds, UK 

Background: Cancer cell proliferation and altered expres- 
sion of the genes regulating apoptosis (survivin, bel-2 and 
p>3) may modulate tumour sensitivity to cytotoxic agents 
and act as molecular markers of response to treatment. 
Methods: Forty patients who had received preoperative 
chemoradiotherapy (45 Gy plus fluorouracil—cisplatin; 
#=32) or chemotherapy alone (epirubicin-cisplatin—5 - 
Huorouracil; 7=8) were studied. Pretreatment biopsies 
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were immunostained with antisurvivin, p53, bel-2 and Ki- 
67 antibodies using a standard technique. Survivin im- 
munostaining was scored by the percentage and intensity of 
cancer cells immunostained, and expression of survivin was 
classfied as high or low. Bel-2 and p53 was scored as positive 
if more than 10 per cent of cells were immunostained. A 
proliferative index was calculated by counting the number 
of Ki-67-immunostained nuclei in more than 1000 cancer 
cells. Tumour response to treatment was evaluated as a 
complete response (CR), a partial response (PR) or no 
response (NR) depending on histopathological examina- 
tion of the resected specimen and by radiological imaging 
following treatment. 

Results: Complete responders had tumours with signifi- 
cantly greater proliferative indices compared to partial and 
non-responders. Survivin, bel-2 and p53 did not influence 
the response of the tumours. 





"Values are median (range). 7P = 0-001 (Kruskall-Wallis test) 
Conclusion: The apoptotic genes studied were not mole- 
cular markers of response. However, these data provide 
evidence that highly proliferating tumours respond more 
favourably to cytotoxic agents. 


Nuclear factor xB: relationship to Barrett’s 
adenocarcinoma, stage and treatment response 


M. M. Abdel-Latif, H. J. Windle*, E. Carton, D. Kelleher* 
and J. V. Reynolds 

Departments of Clinical Surgery and *Clinical Medicine, 
St James's Hospital, Dublin, Ireland 

Background: Patients with Barrett’s oesophagus are predis- 
posed to oesophageal adenocarcinoma at higher rates than 
the general population. Nuclear factor (NF) xB has been 
shown to playa dominant role in cell physiology and control 
of apoptosis. The aim of this study was to examine the 
expression of NF-KB in oesophageal adenocarcinoma and 
its relationship to the effect of neoadjuvant chemora- 
diotherapy (CRT). 

Methods: Mobility shift assay and Western blotting were 
used to measure NF-«B activity in nuclear extracts of fresh- 
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frozen biopsies from tumour and uninvolved tissues (30 
patients). Immunohistochemical staining of the NF-KB 
subunit RelA was also used to assess NF-«B activity 
(97patients). 

Results: Tumour tissues expressed higher NF-«B levels 
than non-tumour tissues. CRT reduced NF-«B expression 
in oesophageal cancer. Reduced pre-CRT NEF-«B 
expression correlated strongly with response to therapy 
(major response in NF-«B-negative group 75 per cent versus 
17 per cent in the NF-xB-positive group; P<0-001). 
Increased NF-«B levels were observed in Barrett’s tissue 
adjacent to cancer. 

Conclusion: These data show that oesophageal adeno- 
carcinoma and Barrett’s oesophagus are associated with 
increased NF-«B levels. The absence of NF-«B expression 
correlates with the early stage of the disease and predicts 
response to neoadjuvant therapy. 


Cytogenetic analysis of patients with Barrett's 
oesophagus by interphase fluorescence in situ 
hybridization of oesophageal cells obtained by brush 
cytology 

S. H. Doak, G. J. S. Jenkins, A. P. Griffiths, E. M. Parry, 
J. M. Parry and J. N. Baxter 

Swansea Clinical School, University of Wales Swansea, Swansea, 
UK 

Background: Previous cytogenetic data employing com- 
parative genomic hybridization (CGH) have revealed 
amplifications of chromosomes 4 and 8. To confirm these 
findings, a study was undertaken of chromosome losses and 
gains using the complementary methodology of fluores- 
cence 77 situ hybridization (FISH). 

Methods: FISH was employed to study chromosome losses 
and gains in interphase Barrett’s epithelial cells obtained by 
brush cytology. The epithelial cells were analysed using 
probes for the p16 gene (9p21), the Rb gene (13q14) and the 
p53 gene (17p13). In addition, centromeric chromosome 
probes were employed to study gain or loss of chromosomes 
4, 8, 9 and Y. 

Results: To date, 25 patients with Barrett’s oesophagus 
with a range of premalignant conditions have been analysed. 
The findings suggest that chromosome 4 amplification is 
the earliest and most widespread alteration accompanying 
Barretts progression. Other changes detected include 
chromosome 8 amplification, loss of the Y chromosome, 
and p16 and p53 gene deletions. 

Conclusion: This study confirms previous CGH data by 
implicating the amplification of chromosomes 4 and 8. The 
widespread amplification of chromosome 4 in Barrett’s 
progression may be a consequence of induced aneuploidy, 
or it may represent a specific genetic event that drives 
tumour formation. 
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Risk adjustment in oesophagogastric surgery: 
comparison of ASA and POSSUM regression models 


P. P. Tekkis, J. Poloniecki* and P. McCulloch? 

Academic Department of Surgery, King’s College Hospital, 
London, “Department of Public Health Sciences, St George’s 

Hospital, London and t+ Assessment of Stomach and Oesophageal 
Cancer Outcome and Technique group, University of Liverpool, 
Liverpool, UK 

Background: Predictive models of operative mortality 
are increasingly applied in the evaluation of surgical 
performance. This study evaluated new prognostic 
models for the oesophagogastric population based on the 
American Society of Anesthesiologists (ASA) and 
Physiological and Operative Severity Score for the 
enUmeration of Mortality and morbidity (POSSUM) 
methodology. 

Methods: In-hospital mortality for 1042 patients under- 
going oesophageal and gastric surgery from 35 UK 
hospitals between 1994 and 2000 was studied. Stepwise 
logistic regression (LR) models with split-sample validation 
were developed. Five-attribute O-POSSUM and ASA LR 
models were derived and compared using the independent 
co-variates: age, operative severity, mode of operation, 
staging and either physiological status (PS) or ASA. 
Observed: expected mortality rates (O:E ratio) were 
compared. 

Results: The operative mortality rate was 12-0 per cent. 





HL, Hosmer~Lemeshow statistic (low values indicate better model 
calibration); C index, area under the receiver~operator characteristic 
curve (high values indicate better model discrimination) 

Conclusion: O-POSSUM offered better discrimination and 
accuracy, but the models predicted outcome equally well. 
The simplified ASA model offers an attractive alternative 
for units that wish to use ASA scores rather than POSSUM 


variables. 


Preoperative evaluation of colorectal liver metastases 
using positron emission tomography 


T. H. A. Arulampalam, D. C. Costa, D. Visvikis, 

M. Loizidou, P. J. Ell and I. Taylor 

Department of Surgery and Institute of Nuclear Medicine, Royal 

Free and University College Medical School, London, UK 

Background: Colorectal liver metastases (CLMs) occur in 
up to half of all patients with colorectal cancer (CRC), but 
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selection of patients for operative treatment of CLM is 
inaccurate when using conventional imaging modalities. 
This study was designed to investigate the role of positron 
emission tomography (PET), a metabolic imaging techni- 
que, in the preoperative evaluation of CLM. 

Methods: Patients with CLM were recruited prospectively 
and underwent spiral computed tomography (CT) and 
fuorodeoxyglucose (FDG) PET within a 4-week interval. 
PET and CT scans were read independently, and the 
findings were compared as well as being correlated with 
tissue biopsy and/or clinical and radiological course (local 
ethics committee approval and informed patient consent 
were obtained). 

Results: When using FDG-PET to evaluate the extent of 
disease and direct treatment, all 15 patients with multiple 
CLMs or extrahepatic spread were identified correctly 
(sensitivity and specificity 100 per cent). Spiral CT 
(sensitivity 53 per cent, specificity 100 per cent) failed to 
detect multiple CLMs in three of eight patients and distant 
extrahepatic metastases in four of seven patients. 
Information from FDG-PET altered clinical management 
in eight cases: three patients avoided inappropriate lapar- 
otomy, four commenced chemotherapy that would other- 
wise not have been delivered, and one patient underwent 
more radical surgery. 

Conclusion: ‘Thisstudy confirmed that PET is more accurate 
than CT for detecting CLMs and evaluating the presence of 
additional metastatic lesions. PET alters clinical manage- 
mentin up to one-third of patients, resulting in appropriate 
selection of patients for operative treatment and early 
treatment of those with distant metastatic disease, with a 
reduction in the number of inappropriate laparotomies. 


Dynamic contrast-enhanced magnetic resonance 
imaging in investigation of indeterminate 
microcalcification in the breast 


P. J. Kneeshaw, M. Lowry*, L. W. Turnbull* and P.J. Drew 
University of Huil Academic Surgical Unit, Castle Hill Hospital 
and “Centre for Magnetic Resonance Investigations, Hull Royal 
Infirmary, Hull, UK 

Background: Dynamic contrast-enhanced magnetic reso- 
nance imaging (DCE-MRI) is an effective diagnostic 
modality for symptomatic breast disease, but its role in 
evaluating clinically occult disease associated with mam- 
mographically indeterminate microcalcification remains 
unclear. The aim of the study was to evaluate the efficacy 
of DCE-MRI in the investigation of indeterminate micro- 
calcification in the breast. 

Methods: Women with areas of indeterminate microcaleci- 
fication on X-ray mammography had DCE-MRI examina- 
tion of the breast. The data were evaluated morphologically 
and by postprocessing. Both signal intensity parameters and 


Results: Forty-two women were recruited. Histological 
diagnosis (7 = 37) revealed: invasive disease (#7 = 2), ductal 
carcinoma i situ (DCIS) (7 = 10), invasive disease plus 
DCIS (n= 12) and benign disease (n= 13). The remaining 
patients (7 = 5) had benign findings on fine-needle aspira- 
tion cytology followed by clinical and mammographic 
follow-up for at least 15 (range 15-43) months. The mean 
(range) values for malignant versus benign lesions in 
arbitrary units for the maximum intensity time ratio were 
42-70 (1-66-312-65) versus 9-79 (1-55-19-66) (P= 0-002). 
For exchange rate the values were 5-47 (0-25—49.26) versus 
1-18 (0-27-2-31) (P=0-003) and for amplitude of contrast 
uptake they were 8-61 (0-20-58-24) versus 1-19 (0-00—4-70) 
(P = 0-007). 

Conclusion: DCE-MRI is able to distinguish benign from 
malignant clinically occult lesions associated with indeter- 
minate microcalcification and is therefore a potentially 
useful investigation for this group of patients. 


Genetic susceptibility in Dupuytren’s disease 


A. Bayat, J. S. Watson, J. K. Stanley, M. W. J. Ferguson and 
W. E. R. Ollier 

Hand Surgery Units, Wigan and South Manchester and Centre 
for Integrated Genomic Medical Research, University of 
Manchester, Manchester, UK 

Background: Dupuytren’s disease (DD) is a familial condi- 
tion of unknown cause affecting caucasians. ‘Transforming 
growth factor (TGF) B family members such as TGF-B, and 
TGF-B) are key fibrogenic cytokines that are implicated in 
the pathogenesis of DD. Zf9 is a transcription factor that 
increases TGF-B, expression in tissue. 

Methods: Novel single nucleotide polymorphisms (SNPs) 
were identified in the TGF-B family members by single- 
strand conformational polymorphism (SSCP), denaturing 
high-performance liquid chromatography (DHPLC) and 
by sequence alignment of gene sequence databases. Using a 
gene scanner and a polymerase chain reaction—restriction 
fragment length polymorphism method, multiple SNPs of 
the TGF-B,, TGF-B>, TGF-B receptor (TGE-BR) I, TGF- 
BRU, TGF-BRITI and Zf9 gene were genotyped. 

Results: A case-control association study of 289 patients 
with DD versus 255 caucasian controls demonstrated a 
statistically significant difference in genotype frequencies 
between cases and controls for a Zf9 gene polymorphism 
(P= 0-007). Presence of the G allele versus the A allele was 
associated with an increased risk of developing DD 
(P= 0-002), 

Conclusion: ‘This positive association may help to unravel 
the significant role of TGF- in fibrosis. It may also explain 
the hereditary predisposition in DD. Understanding the 
genetic basis of DD is important for developing diagnostic 
and therapeutic regimens for a more efficacious treatment 
in the future. 
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Standard magnetic resonance Imaging Is Inaccurate In 
selecting patients with rectal cancer for adjuvant 
therapy 

L. Titu, D. J. Breen*, A. A. Nicholson‘, J. Hartley, 

E. E. White, P. J. Drew and J. R. T. Monson 

Academic Surgical Unit, University of Hull and “Centre for 
Magnetic Resonance Investigations, Hull Royal Infirmary, Hull, 
UK 

Background: Accurate information about nodal involve- 
ment and tumour penetration through the bowel wall is 
essential for selecting patients with rectal cancer for 
neoadjuvant chemotherapy and radiotherapy. Although 
several studies employing thin-slice techniques have shown 
that rectal tumours can be staged reliably by magnetic 
resonance umaging (MRI), the staging efficacy of standard 
MRI protocols has not yet been proven in a non-controlled 
clinical setting. 

Methods: All MRI scans performed for rectal cancer staging 
between 1995 and 1999 were reviewed and the estimated 
Dukes’ and tumour node metastasis (TNM) staging was 
compared with pathology results. The strength of agree- 
ment between MRI and pathology staging was determined 
with the kappa test. 

Results: A total of 118 staging MRI scans for rectal cancer 
were analysed. The Dukes’, T and N stages on MRI 
correlated with histopathology findings in 61, 63 and 74 per 
cent of cases respectively. The results of the kappa test for 
the degree of agreement between MRI and pathology 
results were K=0-69 for Dukes’ stage, k= 0-29 for T stage 
and x = 0-46 for N stage. MRI predicted tumour penetration 
of the rectal wall with 80 per cent sensitivity and 58 per cent 
specificity. Pelvic lymphadenopathy was identified with a 
sensitivity of 66 per cent and a specificity of 80 per cent. 
‘Tumour penetration through the rectal wall on MRI had a 
positive predictive value of 81 per cent and a negative 
predictive value of 57 per cent. The positive and negative 
predictive values for nodal involvement on MRI were 66 and 
80 per cent respectively. The time elapsed between the MRI 
examination and surgery, and the tumour dimensions and 
position, had no influence on the accuracy of MRI staging. 
Conolusion: These data suggest that standard MRI does not 
reliably estimate tumour rectal wall penetration and 
locoregional lymph node involvement, and therefore do 
not support its use for making decisions about the 
appropriateness of neoadjuvant chemoradiotherapy in 
patients with rectal cancer. 


Technical skills examination for higher general surgical 
tralnees 

V. K. Datta, A. A. Chang, S. D. Mackay, ML Mandalia and 
A. Darzi 

Faculty of Medicine, Imperial College, London, UK 
Background: Assessing and comparing the technical skills of 
surgical trainees is a difficult task to accomplish objectively. 
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An objective structured clinical examination (OSCE) 1s 
presented which enables stratification of the surgical skills 
of junior specialist registrars. 

Methods: Twenty-two surgeons partcipated in the study, 
divided into basic surgical trainees (BST group; 2=5), 
junior specialist registrars (JSPR group; n=8), senior 
specialist registrars (SSPR group; n=4) and consultants 
(CON group; n = 5). BST and SSPR-CON groups acted as 
jumor and senior controls respectively. They undertook a 
five-station OSCE, using three synthetic (bowel anasto- 
mosis, vascular anastomosis, saphenofemoral dissection) 
and two virtual reality-based (flexible sigmoidoscopy and 
laparoscopy) surgical simulations. Objective structured 
assessment of technical skill analyses and inbuilt computer 
scoring were used to measure individual performances. The 
Kruskal Wallis test was used to determine the mean rank 
for each parameter, and the sum of the mean ranks used to 
generate a total score. The Mann-Whitney U test was used 
to observe differences between individual subgroups, and 
Cronbachs a analyses for intertest relationships. 

Results: There was a significant improvement in overall 
performance with increasing seniority (P<0-01, Kruskal~ 
Wallis test). Significant differences were observed between 
BST and JSPR groups (P< 0-02) and between JSPR and 
SSPR groups (P<0-05) (Mann-Whitney U test). No 
significant differences were seen in SSPR versus CON ` 
groups. Within the JSPR group, the total mean rank range 
was 21-0-49.5, Cronbachs a reliability between all five tests 
was significant (0-81). 

Conclusion: This examination successfully discriminated 
surgical skill, both between different grades of experience 
and within the target study group. High interstation 
correlation was also demonstrated. 


Window of opportunity for timing emergency abdominal 
surgery 

G. N. O’Dair and D. J. 

Professorial Unit of Surgery, Unrversity Hosprtal of North Tees, 
Stockton-on-Tees, UK 

Background: The Confidential Enquiry into Perioperative 
Deaths (CEPOD) guidelines recommend that all out of 
hours emergency abdominal surgery be deferred until the 
next daytime list, unless the condition is life threatening. 
Resuscitation is undertaken during this period but the 
optimal timing of intervention 1s not clear. 

Methods: The first 28 patients admitted to the study 
presented with an abdominal emergency (peritonitis or 
obstruction) which after resuscitation was followed by 
operatrve intervention. Physiological and Operative 
Severity Score for the enUmeration of Mortality and 
morbidity (POSSUM), Acute Physiology And Chronic 
Health Evaluation (APACHE) I and MI, and Simplified 
Applied Physiology Score (SAPS I) were assessed at 
admission, during resuscitation and immediately before 
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operation. The level and site of monitoring and therapy 
were undertaken independently of the study. 

Results: All scoring systems showed an Improvement of 
predicted mortality following resuscitation. In some 
patients scores deteriorated again before Operation, more 
so in the six patients who died after surgery. For example the 
median (range) POSSUM score at admission was 42 (17— 
51) in those who died and 29 (15-46) in survivors. After 
resuscitation, these scores fell to 34 (17-49) and 24 (15-45) 
respectively. Scores before operation were 45 (39-62) and 
30 (17-46) (P < 0-002, Mann-Whitney U test). 

Conclusion: Scoring systems help to predict mortality and 
can indicate the optimal time for surgical intervention for 
abdominal emergencies. 


Increased intestinal permeability and exaggerated 
cytokine response following ischaemia—reperfusion 
injury of critical limb ischaemia 


W. K. Edrees, I. S. Young, K. R. Gardiner, B. Lee, 

R. J. Hannon and C. V. Soong 

Vascular Surgery Unit, Belfast City Hospital and Department of 
Surgery, The Queen's University of Belfast, Belfast, UK 
Background: An increase in intestinal permeability has been 
suggested to play an important role in development of the 
systemic inflammatory response syndrome (SIRS) after 
aoruc surgery. The aim of this study was to investigate 
intestinal permeability and the inflammatory response 
following isolated lower-limb ischaemia—reperfusion (IR) 
injury. 

Methods: Three groups of patients were studied, Group | 
comprised 18 patients with critical limb ischaemia (CLD 
undergoing infrainguinal bypass surgery. Group 2 con- 
sisted of 14 patients with intermittent claudication under- 
going infrainguinal bypass surgery, and group 3 comprised 
12 patients with CLI unsuitable for arterial reconstruction 
who were undergoing major amputation. Intestinal perme- 
ability was assessed with the lactulose-mannitol differential 
urine excretion test (LM) before operation and on days 1, 3 
and 7 after surgery. Plasma concentrations of endotoxin, 
urinary concentrations of p35 soluble tumour necrosis 
factor receptors (p55 TNF-R) and SIRS scores were 
measured, 


Conclusion: These results confirm an increase in intestinal 
permeability associated with exaggerated cytokine response 
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following IR injury in CLI only. T hey also suggest that the 
magnitude of IR injury is related to the degree of initial 
ischaemia. 


Endothelial dysfunction and microalbuminuria 
precedes platelet function abnormalities in patients with 
insulin-dependent diabetes 


M. Joyce, G. McGreal, K. Moore’, C. Thompson*, 

C. J. Kelly, D. Cox? and D. J. Bouchier-Hayes 
Departments of Surgery and “Endocrinology, Royal College of 
Surgeons in Ireland Education and Research Centre, and 
‘Department of Pharmacology, Royal College of Surgeons in 
lreland, Dublin, Ireland 

Background: Healthy endothelium plays a pivotal role in 
regulating haemostasis via the inhibition of platelet activa- 
tion and aggregation. It was hypothesized that platelet 
dysfunction correlated with endothelial dysfunction in 
young patients with type 1 diabetes. 

Methods: This hypothesis was tested in two groups of 
patients with type 1 diabetes. Group 1 comprised patients 
with normoalbuminuria and reversible impairment of flow- 
mediated dilatation. Patients in group 2 had microalbumi- 
nuria, indicating renal endothelial impairment. 

Results: The results are shown in the Table. There were no 
significant difference between the groups (analysis of 
variance) 





Values are mean(s.e.m.). All platelet values were within the normal 


reference range 

Conclusion: The results demonstrate that antiplatelet ther- 
apy Is not required in the early stages of type 1 diabetes and 
that endothelial dysfunction precedes and is a potential 
mediator of diabetic platelet dysfunction. 


Role of urokinase-type plasminogen activator from 
bone marrow cells in the resolution of venous thrombi 


I. Singh*}, A. Luttun?, D. Collen, K. Burnand’*, 

M. Collins*, B. Boelhouwer*, M. Waltham’ and A. Smith* 
“Academic Department of Surgery, St Thomas's Hospital, 
London, UK and +Centre for Molecular and Vascular Biology, 
University of Leuven, Leuven, Belgium 

Background: Previous work has shown that venous thrombi 
in urokinase-type plasminogen activator-deficient (uPA” `) 
mice fail to resolve and are associated with a reduced early 
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monocyte infiltration. The aim of this study was to 
determine the importance of bone marrow-derived cells, 
particularly monocytes (a source of urokinase), in the 
resolution of venous thrombi using bone marrow trans- 
plantation in uPA“ mice. 

Methods: Two groups of uPA” mice and two groups of 
wild-type mice (v=14 per group) were irradiated to 
a He aa gone marrow. Each group of baile Ff and 


induced in che infrarenal vena cava re after nen ie 
tation and then harvested after a further 4 weeks. Serial 
transverse paraffin-fixed sections were taken at 250-um 
intervals along the entire length of each thrombus and 
stained with Martius Scarlet Blue. Thrombus size (total 
cross-sectional area) was measured using computer-assisted 
image analysis. (All animal experiments were carried out in 
Leuven, Belgium.) 

Results: uPA” mice transplanted with wild-type marrow 
resolved their thrombi to a mean(s.e.m.) size of 
0.3(0-1) mm’, whereas thrombi in the uPA” mice trans- 
planted with uPA“ marrow were significantly larger 
(3-9(1-1) mm’) (P <0- 001, Mann-Whitney U test). A similar 
trend was observed in wild-type mice transplanted with 
marrow from either wild-type or uPA ~- mice (0-8(0-2) 
versus 2-0(0-6) mm? respectively; P= 0-2). 

Conclusion: T ransplantation of uPA™ mice with bone 
marrow from wild-type mice promoted venous thrombus 
resolution, suggesting a key role for uPA from bone 
marrow-derived cells. 


Adenosine 5’-diphosphate : adenosine 5’-triphosphate 
ratios in patients undergoing abdominal aortic 
aneurysm surgery: a rapid measure of cellular stress 


M. Troxler, K. Hill, A. I. D. Mavor, M. J. Gough and 

S. Homer- Vanniasinkam 

Vascular Surgical Unit, The General Infirmary at Leeds, Leeds, 
UK 

Background: During cellular stress, oxidative phosphoryla- 
tion may become compromised resulting in altered 
adenosine 5 5’-diphosphate (ADP) and adenosine 5’-triphos- 
phate (ATP) metabolism. Here, ADP: ATP ratios were 
measured as a rapid marker of cellular stress 7 vivo during 
abdominal aortic aneurysm (AAA) repair. 

Methods: Twenty-two consecutive patients undergoing 
elective AAA surgery were studied prospectively: 12 had 
open repair (OR) and ten had endovascular repair (ER). 
Peripheral vein (PV) and femoral vein (FV) blood samples 
were obtained before operation, at the end of ischaemia and 
at 5 min, 4, a 48,72 and 144h after reperfusion (PV only at 
baseline, Faad 144h). Serum ADP:ATP ratios were 
ensured by means of a bioluminescence technique 
(ApoG low!™, Lumitech!™, Cambrex, East Rutherford, 
New Jersey, USA). 
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Results: In patients who had OR the median ratio increased 
significantly from the preoperative level to that measured at 
end-ischaemia in both PV (2-5 versus 8-3, P= 0-003) and FV 
(2-5 versus 5-0, P= 0-05). In patients who had ER there was a 
smaller and non-significant rise in median ratio values at 
end-ischaemia. In both OR and ER groups the median ratio 
values returned to preoperative levels over 24-72h of 
reperfusion. At 144h after reperfusion there was a 
significant secondary rise in median ratio values from 24 
and 48h after reperfusion in ER and OR patients 
respectively (ER: 0-78 versus 3.63, P=0-008; OR: 0-76 
versus 5-3, P=0-05). 

Conclusion: Raised ADP:ATP ratios were seen during 
maximal tissue ischaemia and surgical injury with a second 
peak at 144h. An increasing body of evidence suggests that 
increasing ratios are a marker of: apoptosis, and the second 
peak illustrated in this study may reflect this pathophysio- 
logical process. 


improving endothelial cell retention in seeding with 
arginine—glycine—aspartate- and heparin-bonded grafts 
under physiological shear stress 


A. Tiwari, H. Salacinski, G. Punshon, K. S. Cheng, 

G. Hamilton and A. M. Seifalian 

University Department of Surgery, Royal Free Hospital, London, 
UK 

Background: Endothelial seeding has been shown to 
improve the patency of prosthetic grafts. This study 
investigated whether this could be further improved by 
bonding of the graft lumen with arginine—glycine—aspartate 
(RGD), | leparin or both on to a compliant polyurethane 
(MyoLink'™!, Credent Vascular Technologies, Wrexham, 
UK) graft. 


Methods: Human umbilical vein endothelial cells were 


cultured, radiolabelled with indium-111 oxine, seeded on to 
RGD-, heparin- or RGD—heparin-bonded My Link? ™ 
grafts, and exposed to physiological flow and shear stress for 
6h. Cell retention was assessed with a y camera and the 
experiment was repeated six times. 

Results: The Table shows percentage cell retention at 1, 4 
and 6h. 





Values are mean(s.d.). PTFE, polytetrafluoroethylene. *P < 0-05 versus 
PTFE; P< 0-05 versus MyoLink ™ (Kruskal-Wallis me 

Conclusion: RGD-—heparin-bonded Myolink'™’ is signific- 
antly better than PTFE and native MyoLink! M in 
improving cell retention, and provides an antithrombo- 
genic surface. The potential of single-stage seeding using 
this RGD-—heparin-bonded graft shows clinical promise. 
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Excess molecular oxygen reduces the production of 
reactive oxygen species in minor ischaemia- 
reperfusion 


A. Abidia, R. Loveday, G. Kuhan, G. Laden, J. Greenman 
and P. T. McCollum 

Academic Vascular Unit, University of Hull, Hull, UK 
Background: The availability of molecular oxygen upon 
reperfusion results in the acute generation of reactive 
oxygen species (ROS) responsible for ischaemia—reperfu- 
sion injury (IRI). It is not known whether giving oxygen 
supplements to patients with IRI increases the reperfusion 
damage. The aim of this study was to investigate the effect of 
oxygen on the total antioxidant capacity and red cell 
glutathione levels during an ischaemia—reperfusion episode 
induced by claudication. 

Methods: Six normal subjects and six patients (claudicants) 
with symptomatic peripheral arterial disease were exercised 
to fatigue (normal subjects) or to the limit of maximal pain 
(claudicants). Venous blood sam ples were taken before and 
l min after exercise. Claudicants repeated the same test 
while breathing 100 per cent oxygen at 2-4 atmospheres of 
pressure. 

Results: Mean(s.e.m.) red cell glutathione levels were 
significantly reduced after exercise in claudicants, from 
1211(425) to 1069(435) umol 1! (P = 0-043, Wilcoxon test). 
‘The levels in normal subjects increased from 1526(229) to 
1727(55) umol I (P= 0.032, Mann-Whitney U test). After 
exercise while breathing oxygen, a paradoxical increase in 
mean(s.e.m.) red cell glutathione levels (compared with 
breathing air) was observed in claudicants, rising from 
1350(552) to 1502307)umoll’. A similar trend was 
observed in the total antioxidant capacity, although this 
was not statistically significant. 

Conclusion: Oxygen supplementation during ischaemia- 
reperfusion induced by claudication resulted in a significant 
reduction in the generation of reactive oxygen species upon 
reperfusion. This should reduce the reperfusion injury and 
may therefore have important therapeutic implications. 


Enhancement of infrainguinal arterial bypass graft flow 
with intermittent pneumatic compression 


K. Delis, M. Husmann, G. Szendro, M. Jackson, 

N. Cheshire, J. H. Wolfe and A. O. Mansfield 

Regional Vascular Surgery Unit, St Mary's Hospital, Imperial 
College School of Medicine, London, UK 

Background: As intermittent pneumatic compression (IPC) 
increases arterial leg inflow, it was hypothesized that it 
might enhance infrainguinal arterial graft flow. This study 
examined the immediate effects of IPC applied to foot 
UPCrood, calf UPC.) and both simultaneously 
(PCroors calf) On infrainguinal graft ha emodynamics. 
Methods: Eighteen femoropopliteal and 18 femorodistal 
grafts, with resting ankle : brachial pressure indices of 0-9 or 
more and no graft stenosis greater than 50 per cent, had 
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mean (mV), peak systolic (PSV) and end diastolic (EDV) 
velocities, pulsatility index (PI) and flow (Q) measured at 
mid-to-distal thigh on sitting, at rest and within 5 s of IPC 
using duplex ultrasonography. IPC sequence was randomly 
assigned in a cross-over design (120 mmHg per 4s; three 
cycles per min). 

Results: Data are presented as the percentage change from 
baseline. 





Values are median (interquartile range), All P< 0.005 
With IPC;,,,,. Q, mV and PSV increased significantly in 
both grafts (P< 0-01). EDV with IPC increased si gnificantly 
(P< 0-005). Haemodynamics in femoropopliteal and fe- 
morodistal grafts did not differ (P > 0-1). 
Conclusion: [PC oe [PCoip and IPChor: cate proved parti- 
cularly effective in augmenting infrainguinal graft flow, the 
associated increase in EDV and the decrease in PI, 
implicating peripheral resistance attenuation. By assisting 
graft flow, IPC may help to reduce the risk of graft 
thrombosis. 


Effect of exercise training on flow-mediated dilatation in 
patients with intermittent claudication 


A. H. R. Stewart, F. C. T. Smith, R. N. Baird and 

P. M. Lamont 

Department of Vascular Surgery, Bristol Royal Infirmary, 
Bristol, UK 

Background: Exercise training may improve endothelial 
dysfunction in patients with atherosclerosis. Flow- 
mediated dilatation (FMD) of the brachial artery is a novel 
method of measuring endothelial function; this study aimed 
to determine the effect of exercise training on FMD in 
patients with intermittent claudication. 

Methods: Patients with stable symptoms of intermittent 
claudication were randomized to either 3months of 
supervised exercise or a control group receiving exercise 
advice alone. All patients continued their current medica- 
tions without dose modification. Flow-mediated dilatation 
was assessed before randomization, and after 3 months and 
6months of exercise training using a well characterized 
non-invasive technique by means of high-resolution ultra- 
sonography (10 MHz). Endothelium-dependent flow- 
mediated responses were assessed during a hyperaemic 
response to arterial occlusion, and endothelium-indepen- 
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dent dilatation was assessed in response to 400 ug sub- 
lingual glyceryl trinitrate (GTN) spray. 

Results: Sixty patients were randomized, with 53 success- 
fully followed at 3 months. Baseline responses were similar 
in both groups (F = 0.21, Mann-Whitney U test). Following 
exercise training there were no significant changes in flow- 
mediated dilatation or dilatation to GTN in either group. 





Values are percentages with 95 per cent confidence intervals in parentheses 
Conclusion: Exercise training for intermittent claudication 
did not improve flow-mediated dilatation. 


Pulmonary injury due to ischaemia—reperfusion is 
ameliorated by hypertonic saline infusion 


C. J. Shields, B. Manning, D. C. Winter, J. H. Wang, 

W. O. Kirwan and H. P. Redmond 

Department of Academic Surgery, Cork University Hospital and 
University College Cork, Cork, Ireland 

Background: The inhibition of neutrophil—endothelial cell 
interactions and macrophage function by hypertonic saline 
(HTS) may confer protection against organ injury in states 
ofimmunological disarray. This study tested the hypothesis 
that infusion of HTS modulates the development of end- 
organ injury in a model of lower-torso ischaemia—reperfu- 
sion injury (IRI). 

Methods: IRI was induced in 24 male Sprague-Dawley rats 
by infrarenal aortic cross-clamping for 30 min followed by 
reperfusion for 2h. At 0 and 60 min reperfusion, intrave- 
nous HTS (7-5 per cent sodium chloride 4ml kg™') was 
administered to six rats, while a further six animals received 
normal saline 4mlkg™'. Six rats received HTS 4ml kg"! 
immediately before the induction of ischaemia. At 72h, 
pulmonary pathology, neutrophil infiltration (myeloperox- 
idase (MPO) activity) and endothelial permeability 
(bronchoalveolar lavage (BAL) and wet: dry weight ratios) 
were assessed. 

Results: HTS infusion before or after ischaemia reduced 
pulmonary oedema significantly (Table). In addition, a 
significant reduction in pulmonary injury scores based on 
histological criteria was observed (P< 0-05). 








Values are mean(s.e.m.). "P< 0-05 versus normal saline group Kr sake 
Wallis one-way analysis of variance on ranks) 
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Conclusion: Resuscitation with HTS attenuates the pul- 
monary oedema and tissue injury resulting from lower- 
torso ischaemia—reperfusion. 


Leucocyte depletion and postoperative infection: a 
multicentre randomized controlled trial 


S. Aroori, D. Thomas, K. Wareham, C. Phillips, 
W. Y. Cheung, A. Napier, I. Russell and P D. Carey 
University Hospital of Wales, Cardiff, Swansea NHS Trust and 
Belfast City Hospital, Belfast, UK 
Background: Postoperative infection causes unnecessary 
morbidity. While the causes are multifactorial, there is 
evidence that the immunosuppressive effects of allogeneic 
blood transfusion may predispose to infection. 
Methods: A prospective randomized multicentre study of 
transfusion with buffy coat-poor (BCP) or leucocyte- 
depleted (LD) blood was undertaken in patients undergoing 
major surgery. The Welsh blood transfusion service 
prepared all blood products. Postoperative infection was 
classified using internationally recognized criteria and 
mortality up to 12 weeks following the initial operation 
was counted. Total costs for each group were also 
calculated. 
Results: Patients were recruited between May 1998 and 
April 2000; a total of 559 were available for analysis. 
Some 279 patients were randomized to receive BCP blood 
and 280 to receive LD blood. The non-transtused 
(control) group eae ae 119 patients (43 per cent) 
randomized to BCP and 137 (49 per cent) to LD. Not 
surprisingly, transfused haa had an immediate post- 
operative infection rate significantly higher than that in 
non-transfused patients (43 versus 18 per cent). The variable 
(type of transfusion) showed a non-significant lower trend 
in the rate of infection in LD patients (50 per cent for BCP 
versus 38 per cent for LD). Reoperated patients experienced 
a higher incidence of infection in the BCP group (15 per 
cent for BCP versus 7 per cent for LD; P=0-04). The 
benefits of LD blood became apparent in those receiving 
2 units or more (infection rate of 60 per cent for BCP versus 
39 per cent for LD; P=0-01) and in operations taking less 
than 200 min. There was a lower incidence of infection in 
the LD group (47 per cent for BCP versus 27 per cent for 
LD). In patients undergoing gastrointestinal surgery, the 
mortality rate was significantly greater in the BCP than in 
the LD group (20 versus 6 per cent respectively; P= 0.03). 
Earlier discharge following infection in LD patients 
reduced the cost of hospital occupancy by an average of 
£640 per patient. 
Conclusion: Leucodepletion reduces infection and mortal- 
ity in patients undergoing major surgery, but benefits are 
reduced when the operation is prolonged. Significant cost 
differences occurred following infection and warrant the 
use of LD blood products. 
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Hepatic B cells: a role in rejection following human 
orthotopic liver transplantation? 


R. Varadarajan*;, T. Deignan?, C. Gallagher, N. Nolané, 
O. Traynor’, G. McEntee’*, J. E. Hegarty*, J. Geoghegan* 
and C. O'Farrelly? 

“Liver Unit, + Education and Research Centre and *Department 
of Pathology, St Vincent's University Hospital, Dublin, Ireland 
Background: Normal human liver contains a unique subset 
of lymphocytes that may influence hepatic immune 
responses. These lymphocytes can be transferred from 
donor to recipient during orthotopic liver transplantation 
(OLT). The aim of this study was to investigate whether the 
numbers of these T and B ‘passenger’ lymphocytes in the 
donor liver are associated with the occurrence and severity 


ofacute cellular rejection (ACR) and to study their variation 
during ACR following human OLT. 

Methods: Donor liver tissue taken from 17 adult donors 
before transplantation was stained by immunohistochemical 
methods for CD3 (T cells) and CD20 (B cells). Positively 
stained cells in the portal tract and parenchyma were 
identified by light microscopy. Clinically diagnosed epi- 
sodes of rejection were confirmed by histological examina- 
tion of post-transplantation biopsies. Eighteen biopsies 
from 12 patients who had ACR following OLT were also 
stained by immunohistochemical means for T and B cells. 
Results: Five patients had no evidence of ACR, six had one 
rejection episode, four had two episodes and the other two 
patients had three and four episodes. There was a significant 
correlation between the number of B lymphocytes in the 
parenchyma of the donor livers and the number of episodes 
of rejection (P = 0-02) and the severity of rejection (P = 0-04). 
As expected there was an increase in the numbers of CD3- 
positive T cells in corresponding rejection biopsies; how- 
ever, there was a significant decrease in the numbers of 
CD20-positive B cells in the parenchyma of these biopsies 
(P= 0-003). 

Conclusion: At the time of OLT, higher numbers of B 
lymphocytes are present in donor liver destined subse- 
quently to develop ACR. However, B lymphocyte numbers 
are reduced in the presence of ACR. Further studies are 
needed to explain the relationship between B lymphocytes 
and ACR. 





Evidence for specific cytotoxic T lymphocyte immunity 
against telomerase in patients with colorectal cancer 


L. Titu, R. L. Loveday, J. Greenman, L. Madden, R. Baker 
and J. R. T. Monson 

Academic Surgical Unit, Castle Hill Hospital, Cottingham, Hull, 
UK 

Background: Characterization of the cytotoxic T lympho- 
cyte (CTL) activity against tumour antigens is crucial for 
understanding cancer immune surveillance mechanisms. 
Although telomerase activity is found in 90-100 per cent of 
colorectal cancers, there are few data on the prevalence of 
specific antitelomerase immunity. 

Methods: The CTL response against two human leucocyte 
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antigen (HLA) A2-restricted epitopes of human telomerase 
reverse transcriptase (hTERT) was studied ex vive in 14 
patients with HLA-A2+ colorectal cancer and four healthy 
subjects. An interferon (IFN) y Elispot assay (R & D 
Systems Europe, Abingdon, UK) was used to quantify the 
amplitude of the specific CTL response against telomerase, 
following incubation of peripheral blood mononuclear cells 
(PBMCs) with hTERT peptides. PBMCs incubated with or 
without phorbol 12-myristate-13-acetate (PMA) served as 
positive and negative controls respectively. The levels of the 
specific CTL response against HLA-A2-restricted peptides 
of influenza A and carcinoembryonic antigen (CEA) were 
also determined to allow comparison. 

Results: Specific CTLs against one of the two hTERT 
peptides were found in six of the 14 patients with colorectal 


Conclusion: ‘This study demonstrates that patients with 
colorectal cancer are capable of mounting a specific cellular 
immune response against telomerase antigens. These 
findings suggest that the lack of an effective immune 
response against tumour cells that possess telomerase 
activity is not due to the absence of CTLs directed against 
telomerase epitopes, but probably to a defective presenta- 
tion mechanism for these antigens. 


Peritoneal adhesion formation attenuated by thermal 
preconditioning while maintaining laparotomy wound 
and gut anastomotic integrity 


F. Younis, R. McLaughlin, C J. Kelly and 

D. Bouchier-Hayes 

Department of Surgery, Royal College of Surgeons in Ireland 
Education and Research Centre, Beaumont Hospital, Dublin, 
Ireland 

Background: Thermal preconditioning (TPC) modulates 
cellular responses to injury. However, the effect on repair is 
unknown. Postoperative adhesion formation is the com- 
monest cause of small bowel obstruction in the Western 
world. 

Methods: The aims of this study were to assess the role of 
TPC in preventing intra-abdominal adhesions and its 
possible adverse effect on wound healing. Spra gue—Dawley 
rats (7 = 34) were randomized into two groups: a TPC group, 
in which animals received TPC 18h before surgery and a 
control group. Laparotomy wound tensile strength and 
colonic anastomosis bursting pressure (CABP) were 
assessed as measures of wound healing. The degree of 
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adhesions was assessed according to a recognized adhesion 
scoring system. 
Results: 





Values are mean(s.e.m.). “Analysis of variance 
Conclusion: These results provide proof for the concept 
that TPC attenuates peritoneal adhesion formation with no 
adverse effect on healing. Evaluation of pharmacological 
preconditioning strategies is now warranted prior to clinical 
application. 


Endogenous adenosine attenuates the cytokine 
response to endotoxin 


K. McCallion, D. W. Harkin, M. Hoper, M. I. Halliday, 
F. C. Campbell and K. R. Gardiner 

Department of Surgery, Queen’s University, Belfast, UK 
Background: Endotoxin induces a systemic inflammatory 
response, leading to inflammatory-mediated tissue injury 
and organ dysfunction. It was hypothesized that R75231, by 
inhibiting the metabolism of endogenous adenosine, would 
ameliorate endotoxin-induced multiorgan dysfunction by 
attenuating such a systemic inflammatory response. 
Methods: With Home Office approval, anaesthetized swine 
underwent a laparotomy and insertion of a sigmoid 
tonometer. The control group (7 =7) received no further 
insult. Remaining animals (7 = 12) received Escherichia coli 
endotoxin (lipopolysaccharide (LPS) 50 hg kg!) with or 
without R75231 pretreatment (0-3 mgkg™ via a gastro- 
stomy tube at laparotomy). Blood was taken for blood gas 
analysis and determination of chemiluminescent phagocyte 
respiratory burst priming, Plasma concentrations of tumour 
necrosis factor (TNF) a and interleukin (IL) 8 and IL-10 
were assayed by enzyme-linked immunosorbent assay. The 
alveolar—arterial (A-a) oxygen gradient (increased with 
impaired oxygen transport) and sigmoid pH were recorded 
as markers of organ injury. 

Results: 





Values are median (interquartile range). T, time in mins, “P< 0-05 versus 
control; +P <0.05 versus LPS (Mann-Whitney U test) 


©2002 Blackwell Science Ltd 


SARS abstracts 655 


Conclusion: | Endotoxin-induced pulmonary and 
intestinal injury is associated with a cytokine cascade 
and phagocyte priming. R75231 pretreatment attenuates 
the cytokine response but does not ameliorate organ 
dysfunction. 


Tumour necrosis factor « enhances tumour 

cell adhesion to the mesothelium via upregulation 
of intercellular adhesion molecule 1: a mechanism 
by which surgical trauma increases tumour 
recurrence 


P. Ziprin, P. F. Ridgway, D. Peck and A. Darzi 

Faculty of Medicine, Imperial College of Science, Technology and 
Medicine, London, UK 

Background: Approximately 25-35 per cent of patients who 
develop recurrent colorectal cancer present with localized 
peritoneal metastases, and it is known that increased 
surgical trauma enhances tumour metastasis and peritoneal 
recurrence. The hypothesis was that the inflammatory 
cytokine tumour necrosis factor (TNF) a, which is a marker 
of surgical trauma, enhances tumour—mesothelial interac- 
tions via an upregulation of intercellular adhesion molecule 
(ICAM) I. 

Methods: Monolayers of primary cultures of human 
peritoneal mesothelial cells (HPMCs) cultured in 96-well 
plates were incubated in TNF-a ing ml! for 4h. 
Adherence of a colonic adenocarcinoma cell line, 
SW1222, to the HPMCs was assessed using a fluoro- 
metric adhesion assay and compared with a control. 
Mesothelial cells were then incubated in TNF-a 
Sngml! for 4h or in standard conditions and cell 
surface receptor expression, in particular that of ICAM-1, 
was assessed in both groups using flow cytometry. The 
adhesion assay was then repeated using an inhibitory 
monoclonal (Mab) antibody to [CAM-1. 

Results: TNF-a enhanced tumour cell adhesion to 
HPMCs (mean(s.e.m.) percentage adhesion 45.76(2-40) 
for TNF-a versus 22-80(1-61) for control; P<0-001, 
analysis of variance). This was associated with an 
upregulation of ICAM-1 expression (mean(s.e.m.) fluor- 
escence 996-17(100-7) versus 671-51(69-0) for control; 
P=0.03, analysis of variance). The enhanced adhesion 
observed following incubation with TNF-a was attenu- 
ated by an inhibitory ICAM-1 Mab: P=0.005 (TNF-a 
alone versus TNF-a and ICAM-1 Mab, two-way analysis 
of variance). 

Conclusion: TNF-a enhances tumour cell adhesion to a 
mesothelial cell monolayer via an upregulation of ICAM- 
1, demonstrating a mechanism by which surgical trauma 
enhances tumour metastasis. 
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Nitric oxide pathway in critical limb ischaemia 


J. C. S. Tsui, A. Dooley, S. Shaw, M. R. Dashwood and 

D. M. Baker 

Department of Surgery, Royal Free Hospital, London, UK and 
Department for Clinical Research, University of Berne, Berne, 
Switzerland 

Background: Nitric oxide plays an important role in the 
regulation of local vasomotor tone, with evidence that 
systemic nitric oxide formation rates are decreased in 
patients with peripheral vascular disease. This study 
investigated changes in the nitric oxide pathway in patients 
with critical limb ischaemia (CLI). 

Methods: Following local ethics committee approval, blood 
samples and lower-limb muscle biopsies were taken from six 
patients with CLI and from six surgical patients with no 
lower-limb ischaemia (controls). Plasma nitrate and nitrite 
levels were measured by chemiluminescence to reflect 
systemic plasma nitric oxide levels. Nitric oxide synthase 
(NOS) distribution on muscle sections was studied using 
reduced nicotinamide adenine dinucleotide phosphate- 
diaphorase (NADPH4d) histochemistry and immunohisto- 
chemistry with antiendothelial NOS (eNOS) antibodies. 
eNOS messenger RNA (mRNA) levels in muscle homo- 
genates were measured using real-time quantitative reverse 
transcription-polymerase chain reaction, and NOS activi ty 
of muscle biopsies was assessed with the citrulline assay. 
Results: Plasma nitrate and nitrite levels were increased in 
patients with CLI compared with controls (mean(s.e.m.) 
9-50(1-67) um versus 3-58(1-05); P < 0.05, Mann-Whitney U 
test). NADPHd staining was increased in CLI sections and 
was associated with muscle fibres and microvessels. eNOS 
mRNA expression was increased in CLI muscle (P< 0-05) 
and the eNOS isoenzyme was associated mainly with 
microvessels. However, there was no evidence of increased 
NOS activity in CLI muscle compared with control. 
Conclusion: [hese results suggest that, while plasma nitric 
oxide levels and tissue NOS mRNA and protein levels were 
raised in CLI muscle, NOS activity and therefore nitric 
oxide availability in the ischaemic muscle was not increased. 
This could represent an inadequate attempt to improve 
perfusion to ischaemic muscle via the nitric oxide pathway. 





Effect of hyperoxia on regional blood flow in diabetic 
patients with peripheral arterial disease 


A. Abidia, G. Kuhan, I. Chetter and P. T. McCollum 
Academic Vascular Unit, University of Hull, Hull, UK 
Background: Arteries are sensitive to changes in oxygen 
tension. However, various vascular beds react differently to 
oxygen. This study investigated the systemic effects of 
oxygen on regional flow in the extremities of diabetic and 
non-diabetic patients with arterial disease. 

Methods: Sixteen diabetic and five non-diabetic patients 
with peripheral arterial disease, and six normal controls 
were recruited. Cutaneous laser Doppler flux and transcu- 
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taneous oximetry were carried out in the forearm at rest and 
after breathing 100 per cent oxygen. Regional flow was 
measured by heating the laser Doppler probe to 44°C. 
Results: After breathing 100 per cent oxygen, mean(s.e.m.) 
transcutaneous oxygen tension increased from 53(10) to 
137(54)mmHg in the diabetic patients, from 55(9) to 
168(62) mmHg in non-diabetic patients, and from 65(18) to 
246(88) mmHg in controls. In contrast, cutaneous blood 
flow was reduced by 16(14), 12(22) and 5(30) per cent 
respectively. However, regional blood flow increased by 
10(35) per cent in the control group and by 14(32) per cent 
in non-diabetic patients. In comparison, regional blood 
flow in the diabetic group increased by 96(31) per cent 
(P=0-020, Kruskal-Wallis test). 

Conclusion: Diabetic patients with peripheral arterial 
disease respond distinctly to inspired oxygen with a 
profound increase in regional blood flow to the extremities. 
This effect of oxygen may have important therapeutic 
implications in critical ischaemia and ischaemic ulceration. 


Urinary nitrate excretion correlates with urinary 
interleukin 1B after vascular surgery 


R. C. Baker, M. A. Armstrong*, A. A. B. Barros D’Sa, 

F. C. Campbell, S. J. Allent, A. Lewis and W. T. McBride+ 
Departments of Surgery, “Lmmunobiology and t*Clinical 
Anaesthesia, Queen’s University of Belfast, Belfast, UK 
Background: In vitro models have shown that renal proximal! 
tubular injury is related to cytotoxic levels of nitric oxide 
produced by inducible nitric oxide synthase (iNOS) 
induction and mediated by proinflammatory cytokines. 
The urinary proinflammatory cytokine interleukin (IL) IB 
may therefore correlate with renal nitric oxide production 
m an iz vivo model of hind-limb ischaemia-reperfusion. 
Methods: | welve pigs underwent laparotomy, normody- 
namic fluid resuscitation for 2h, bilateral hind-limb 
ischaemia for 2 and 2-5h of reperfusion. Urine samples 
were collected after 30 min and 2, 3,4, 5 and 6.5 h following 
induction of anaesthesia. Urinary nitrate and IL-1 levels 
were measured by enzyme-linked immunosorbent assay. 
Correlational analysis was with the Spearman rank test after 
logarithmic transformation. 

Results: There was a correlation between urinary IL-1f 
concentration in the 30-min sample and urinary nitrate 
levels in the 2-h sample (07 =0-56, P< 0.002). Histological 
evidence of acute tubular necrosis was evident in al] animals, 
although plasma urea and creatinine levels remained normal 
throughout. 

Conclusion: Urinary IL-18 may influence intrarenal nitrate 
production, possibly through proximal tubular iNOS 
activity. This in vive porcine model has potential in 
elucidating the possible role of nitric oxide in early renal 
injury after major vascular surgery. 
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Appropriate use of carotid duplex imaging: results of a 
prospective audit 


T. Mehta, G. Kuhan, A. V. Subramaniam, I. Chetter, 

A. Nicholson, J. Bryce, P. Renwick, A. Wilkinson, 

B. Johnson and P. McCollum 

Academic Vascular Unit, Hull Royal Infirmary, Hull, UK 
Background: In recent years there has been an increased 
demand for carotid duplex imaging, but it is not known 
whether this has resulted in an increased detection of 
significant (70 per cent) internal carotid artery (ICA) 
lesions. 

Methods: A prospective audit of carotid duplex scans in a 
university-affiliated teaching hospital was carried out using 
data entered in the computerized vascular database. Each 
scan request was analysed for source of referral, indication 
and scan result. Some 2151 new patients were scanned in a 
25-month period beginning in June 1999. A positive scan 
was any scan that detected more than 70 per cent stenosis in 
either ICA. 

Results: The overall detection of significant ICA lesions 
was 16-5 per cent. Vascular surgeons requested 343 scans 
and had the highest positive scan rate of 25-4 per cent. 
General physicians, geriatricians, cardiologists and 
ophthalmologists had rates ranging from 15-0 to 18-7 per 
cent. Neurologists were worst at detecting significant ICA 
lesions (5-9 per cent). This was attributed to a newly created 
nurse-led transient ischaemic attack clinic, where the 
interpretation of patient symptoms was often incorrect. 
Asymptomatic bruit (32-6 per cent), amaurosis fugax (18-9 
per cent) and stroke (18-5 per cent) were the indications 
associated with the highest proportion of positive scans. 
Conclusion: For a carotid duplex service to be financially 
viable, it should have a reasonably successful pick-up rate of 
ICA disease. The correct interpretation of vague and 
uncommon symptoms is crucial to achieve this and to avoid 
a large number of unnecessary scans. 


Nitric oxide mediates the attenuation of homocysteine- 
adenosine-induced apoptosis by vitamin B42 
supplementation 


T. C. F. Sykes, A. Morris* and D. Mosquera 

Department of Vascular Surgery, Birmingham Heartlands 
Hospital, Birmingham and “Biological Sciences, University of 
Warwick, Warwick, UK 

Background: Homocysteine (Hcy) in combination with 
adenosine induces apoptosis of human umbilical vein 
endothelial cells (HUVECs), which can be prevented by 
vitamins B,>, Be and folate. The aim of this study was to 
determine whether nitric oxide mediates the antiapoptotic 
effect of vitamin Bız supplementation. 

Methods: HUVECs and long saphenous vein endothelial 
cells (LSVECs) were co-incubated with D,L-Hcy, adeno- 
sine, methylcobalamin (B,2) and N-monomethyl-L-argi- 
nine (L-NMA), a specific nitric oxide synthase (NOS) 


@ 2002 Blackwell Science Ltd 


SARS abstracts 657 


inhibitor, either alone or in combination for +h. Apoptosis 
and nitric oxide levels were measured by flow cytometry 
after staining with annexin V, propidium iodide and a nitric 
oxide fluorescent probe. 

Results: Hcy, adenosine, By; and L-NMA alone did not 
induce significant apoptosis compared with the control. 
Vitamin Bız increased nitric oxide levels significantly and 
this was associated with a marked attenuation of apoptosis. 
Inhibition of NOS with L-NMA did not attenuate the rise 
in nitric oxide caused by By», indicating that the latter acts as 
an exogenous nitric oxide donor 






Values are mean(s.d.); “percentage of control value. Adenosine concen- 
tration 0-5 mmol l}; Bi: concentration 0-1 mmol Dh L-NMA concentra- 
tion OS mmol. +P <0-01 versas control, P< 0-01 versus 

Hey + adenosine (analysis of variance) 

Conclusion: Vitamin supplementation increases nitric oxide 
concentration, independently of NOS, in HUVECs and 
LSVECs incubated in Hcy plus adenosine. The rise in nitric 
oxide levels seen with vitamin Bız was associated with a 
significant antiapoptotic effect and may be an important 
mechanism by which vitamin Bız protects endothelium 
from the adverse effects of homocysteine. 


Effect of exercise training for intermittent claudication 
on cardiac risk factors and inflammatory mediators 


A. H. R. Stewart, A. Day*, F. C. T. Smith, R. N. Baird and 
P. M. Lamont 

Departments of Vascular Surgery and *Btochemistry, Bristol 
Royal Infirmary, Bristol, UK 

Background: Patients with intermittent claudication suffer 
enhanced cardiovascular and cerebrovascular morbidity 
and mortality. The aim of this study was to investigate the 
effect of exercise training on cardiac risk factors and 
inflammatory markers in patients with intermittent claudi- 
cation. 

Methods: Patients with stable symptoms of intermittent 
claudication were randomized to either 3 months super- 
vised exercise or a control group receiving exercise advice 
alone. All patients continued their current medications 
without dose modification. Patients were assessed before 
randomization and at 3 and 6 months when fasting blood 
samples were taken for measurement of lipid profile, levels 
of homocysteine, glucose, haemoglobin Alc and C-reactive 
protein (CRP), and plasma viscosity (PV). Neutrophil 
CD11b expression before and after treadmill exercise was 
measured by flow cytometry of whole blood. Statistical 
analysis was with the Mann-Whitney U test. 

Results: Sixty patients were randomized, with 53 patients 
successfully followed at 3 months. Supervised exercise 
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increased high density lipoprotein (HDL) cholesterol 
(median 0-0 (interquartile range 0-0-9.9) per cent) and 
reduced low density lipoprotein cholesterol in the super- 
vised group compared with controls (median — 6-1 versus 4-7 
per cent; P= 0-04). This produced a significant reduction in 
total/HDL cholesterol (~ 5.3 versus 1-9 per cent; P= 0-02). 
No significant changes in the levels of fasting triglycerides, 
total cholesterol, blood glucose, HbAIc, homocysteine or 
the inflammatory markers CRP and plasma viscosity were 
detected following exercise training. Acute exercise in- 
creased neutrophil CD11b expression, but these levels were 
not affectec by exercise training. 

Conclusion: Supervised exercise training for intermittent 
claudication favourably modified the fasting lipid profile 
and may thus be of benefit in the secondary prevention of 
cardiovascular and cerebrovascular events. 


Is nitric oxide metabolism deranged following 
conventional abdominal aortic aneurysm surgery? 


M. Troxler, K. Naseem, A. I. D. Mavor, M. J. Gough and 
S. Homer-Vanniasinkam 
Vascular Surgical Unit, General Infirmary at Leeds, Leeds and 
Biomedical Sciences, University of Bradford, Bradford, UK 
Background: Peroxynitrite is the product of a diffusion- 
limited reaction between superoxide and nitric oxide, and 
has been proposed as a mediator of tissue injury during 
reperfusion of ischaemic tissues. Nitrotyrosine (NT) was 
measured as a stable marker of peroxynitrite production in 
vive during abdominal aortic aneurysm (AAA) repair. 
Methods: Twenty-two consecutive patients undergoing 
elective AAA surgery were studied prospective ely: 13 had 
open repair and nine had endovascular repair. Peripheral 
vein (PV) and femoral vein (FV) blood samples were 
obtained before operation, at the end of ischaemia, and at 
Smin, 4, 24, 48, 72 and 144h following reperfusion (PV 
only at baseline, 72 and 144 h). Plasma NT concentrations 
were measured with an enzyme-linked immunosorbent 
assay. 
Results: In patients who had open repair, median NT 
concentrations increased significantly from preoperative 
levels to Smin of reperfusion in both PV (0.43 versus 
0-59 nmol per mg protein; P= 0-004) and FV (0-43 versus 
0-61 nmol per mg protein; P = 0-002). Similar increases were 
seen from preoperative levels to +h of reperfusion (0.43 
versus 0-57 nmol per mg protein; P=0-001 and 0.43 versus 
0-56nmol per mg protein; P=0-002 respectively). NT 
concentrations returned to preoperative values by 24h after 
reperfusion. In contrast, there were no significant perio- 
perative changes in NT levels during endovascular repair 
for the equivalent time periods. 
Conclusion: This study indicated that open repair led to an 
increased production of reactive nitrogen species compared 
with endovascular repair. This might explain the greater 
severity of reperfusion-related events after open repair. 
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Do POSSUM and P-POSSUM-based models accurately 
predict mortality following aortic aneurysm repair? 


V. Subramaniam, G. Kuhan, P. M. Renwick, B. F. Johnson, 
A. R. Wilkinson and P. T. McCollum 

Academic Vascular Unit, Hull Royal Infirmary, Hull, UK 
Background: The aim of this study was to test the predictive 
accuracy of Physiological and Operative Severity Scores for 
the enUmeration of Mortality and morbidity (POSSUM) 
and P-POSSUM models for various modes of presentation 
of abdominal aortic aneurysm (AAA). 

Methods: Some 470 non-consecutive AAAs (297 elective, 70 
urgent, 32 stable ruptured and 71 ruptured shocked) 
performed by five vascular surgeons from 1992 to 2000 
were analysed. The mean age was 72 (range 43-87) years 
and 83 per cent of the patients were men. The physiological 
and operative parameters and 30-day mortality were 
collected on preprinted sheets and entered into a database. 
Patients were stratifed into risk groups based on the 
predicted mortality calculated using the relevant equations. 
The predicted and the observed deaths were compared with 
x analysis. 

Results: The observed 30-day mortality rates for elective, 
urgent, stable ruptured and ruptured shocked categories 
were 6 per cent (18 of 297), 10 per cent (seven of 70), 25 per 
cent (eight of 32) and 21 per cent (15 of 71) respectively. The 
POSSUM model significantly overpredicted mortality 
(P<0-001). Of the P-POSSUM-based models P- 
POSSUM, V-POSSUM and V-POSSUM  (PS= 
physiology only) models accurately predicted outcome for 
elective and urgent categories (P> 0-15). The V-POSSUM 
model and the ruptured AAA model accurately predicted 
outcome for ruptured stable AAAs (P> 0-05), w hile none of 
the models accurately predicted mortality for the ruptured 
shocked AAAs (P < 0-05). 

Conclusion: =P-POSSUM-based models accurately pre- 
dicted outcome for elective, urgent and ruptured stable 
AAA repairs. Further study on a large series is needed to 
verify the validity of the current models for ruptured 


shocked AAA repairs. 


Piasma nitrotyrosine: a novel marker of vascular 
inflammation in abdominal aortic aneurysmal disease? 


M. Troxler, K. Naseem, A. I. D. Mavor, M. J. Gough and 
S. Homer-Vanniasinkam 

Vascular Surgical Unit, General Infirmary at Leeds, Leeds and 
Biomedical Sciences, University of Bradfor d, Bradford, UK 
Background: Vascular inflammation is implicated in the 
pathogenesis of atheresclerosis and abdominal aortic 
aneurysm (AAA), and is ee to involve reactive species 
such as the nitric oxide-derived oxidant, peroxynitrite. 
Nitrotyrosine was measured as a stable marker of peroxy- 
nitrite production i in vivo. 

Methods: Blood was obtained from patients with an AAA 
(diameter greater than 5-5 cm; 7 = 24), intermittent claudi- 
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cation (IC; n=10), smoking age-matched controls (SCs; 
n= 10), non-smoking age-matched controls (NSCs; 7 = 10) 
and non-smoking young healthy controls (YHCs; 7 = 10). 
Control groups were asymptomatic for peripheral vascular 
disease. Plasma nitrotyrosine concentrations were mea- 
sured by an enzyme-linked immunosorbent assay, and 
expressed as nanomoles per milligram of protein. 

Results: The median plasma nitrotyrosine concentration in 
patients with an AAA was significantly higher than that in 
patients with IC (0-46 versus 0-34nmol, P=0-007), SCs 
(0-46 versus 0-36nmol, P=0-007), NSCs (0.46 versus 
0-36nmol, P=0-005) and YHCs (0-46 versus 0-28 nmol, 
P<0-001). Although there was no significant difference 
between the IC, SC and NSC groups, all had significantly 
greater levels than YHCs (0-34 versus 0-28 nmol, P = 0-007; 
0-36 versus 0-28nmol, P=0-04; 0-36 versus 0-28 nmol, 
P=0-004 respectively). 

Conclusion: 
circulating nitrated proteins compared with claudication 
and control groups, suggesting a greater degree of ongoing 


inflammation that is not related to smoking. Modulation of 


this inflammatory process may assist in halting the 


progression of AAA. 


Taurine attenuates microvascular injury induced by 
ischaemia—reperfusion 


H. Chen, C. Kelly, G. Chen, C. Condron, A. Leahy and 
D. J. Bouchier-Hayes 

Department of Surgery, Royal College of Surgeons in Ireland, 
Beaumont Hospital, Dublin, Ireland 

Background: Leucocyte adhesion and migration plays a 
central role in microvascular injury during ischaemia- 
reperfusion (IR). It was hypothesized that taurine, a semi- 
essential amino acid and antioxidant, attenuates [R-induced 
microvascular injury by inhibiting leucocyte~endothelial 
interactions. 

Methods: Sprague~Dawley rats were randomized into 
control, IR and taurine plus IR groups. IR injury was 
established by occlusion of the superior mesenteric and 


coeliac vascular pedicle for 20 min, followed by 60 min of 


reperfusion. Taurine (200mg per kg body- -weight as a 
bolus) was administered before IR. The number of adherent 
and migrated leucocytes, and their rolling velocity, were 
measured by intravital microscopy in a postcapillary venule. 
Results: The Table shows the values at 60 min reperfusion. 





Values are mean(s.e.m.). *P< 0-01 versus IR (analysis of variance with 
Scheffe post hac test) 

Conclusion: These data demonstrate that taurine is effective 
in inhibiting leucocyte adhesion and migration after IR. 
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The mechanism underlying this protection warrants further 
investigation. 


Regulation of interleukin 6 production by abdominal 
aortic aneurysms 


K. G. Jones, J. Reise, R. M. Greenhalgh and J. T. Powell 
Imperial College at Charing Cross, London, UK 

Background: Interleukin (IL) 6 is a novel cardiovascular risk 
factor that is secreted by the abdominal aortic aneurysm 
(AAA) wall when placed in explant culture. This study 
investigated whether AAA wall secretes IL-6 in vivo and 
whether prostaglandin (PG) E; regulates IL-6 secretion i 
vitro. 

Methods: In 19 patients undergoing open AAA surgery, IL- 
6 levels were measured by enzyme-linked immunosorbent 
assay in plasma from simultaneous brachial and iliac artery 
blood samples. The effect of PGE, and cyclo-oxygenase 
inhibitors on IL-6 secretion by explants was determined. 
IL-6 concentrations are reported as median, with analysis of 
variance for log-transformed data. 

Results: IL-6 concentration in iliac plasma was higher than 
in brachial plasma (mean difference 26-5 pgml”'). This 
difference increased with AAA diameter (P=0-01). 
Indomethacin (10 um) suppressed the secretion of IL-6 by 
explants (7 = 11) from 355 to 105 ngm '(P<0-001). PGE, 
(0-5 um) partially offset the indomethacin suppression, and 
IL-6 secretion increased to 165ng ml (P=0-08). 
Dexamethasone (0-1 um) completely suppressed IL-6 (and 
PGE) secretion from explants (7 = 8). The re-addition of 
PGE; did not stimulate IL-6 secretion. 

Conclusion: Aneurysms secrete the cardiovascular risk 
factor IL-6 into the circulation, the amount increasing with 
AAA diameter. In vitro, the secretion of IL-6 by the AAA 
wall is regulated by a metabolite of PGE). 


Questionnaires alone may be sufficient for the 
assessment of patients with intermittent claudication 


D. R. Cheetham, P. F. S. Chong, R. M. Greenhalgh and 
A. H. Davies 

Department of Vascular Surgery, Imperial College School of 
Medicine, Charing Cross Hospital, London, UK 

Background: Traditional use of treadmill walking and the 
ankle : brachial pressure index (ABPI) to evaluate patients 
with intermittent claudication may not adequately address 
the impact of the disease on patients’ quality of life. [f new 
measures such as disease-specific quality-of-life question- 
naires (DSQs) and the 6-min walking (SMW) test are to be 
considered, they should be shown to have greater reliability 
and improve upon these established tests. 

Methods: Thirty-seven patients of median age 68 (range 50- 
85) years with confirmed peripheral arterial disease were 


recruited. Each patient was assessed with the validated 
DSQ, ABPI, constant load treadmill (CLT) test at 
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3.5 km h™ and 12 per cent gradient to absolute claudication 
time (ACT), and the SMW test. The CLT and SMW tests 
were repeated | week later to assess reproducibility. 
Results: All patients were able to perform the SMW test 
(mean 392 m) and the DSQ. SMW test variability was 5-4 
(95 per cent confidence interval (c.i.) -9 to 17) per cent. 
Eighty-nine per cent of patients were able to perform the 
ACT (mean 127s). Variability was 23-8 (95 per cent c.i. - 63 
to 66) per cent. Spearman correlation was greatest between 
the DSQ and the SMW test (7, = 0-57, P< 0-001). Other 
significant correlations were: SMW test with CLT 
(7, =0-46, P=0-007), DSQ with CLT test (,=0-36, 
P=0-04) and SMW test with ABPI (7, =0-32, P= 0-05). 
Conclusion: The SMW test was easier for patients to 
perform, more reproducible than the CLT test, and 
correlated with the DSQ, CLT test and ABPI. The strong 
correlation between the SMW test and the DSO means that 
use of the questionnaire alone may be sufficient to assess and 
monitor patients with claudication. 


Taurine protects against hypoxia—reoxygenation- 
induced human endothelial apoptosis and necrosis 


H. Chen, C. Kelly, C. Condron, D. Toomey, G. Chen, 

A. Leahy and D. J. Bouchier Hayes 

Department of Surgery, Royal College of Surgeons in Ireland, 
Beaumont Hospital, Dublin, Ireland 

Background: Endothelial cell (EC) apoptosis plays an 
important role in vascular diseases. Hypoxia—reoxygenation 
(H-R) may induce EC apoptosis and necrosis. This study 
was designed to investigate the effect of taurine, a semi- 
essential amino acid and an antioxidant, on H-R-induced 
EC apoptosis and necrosis. 

Methods: Human saphenous vein endothelial cells 
(HSVECs) were divided into the following groups: control, 
H-R only, and treatment with taurine (0-5 mg mi~) before 
or after hypoxia. Hypoxia was induced by placing HSVECs 
in a hypoxic chamber for 48h, followed by reoxygenation 
under normoxia for 24h. EC survival, apoptosis and 
necrosis were measured by flow cytometry. Expression of 
endothelial nitric oxide synthase (eNOS) of HSVECs was 
determined by Western immunoblotting. 

Results: 





Values are mean(s.e.m.). *P< 0-01 versus H-R: +P <0.05 versus H-R 
(analysis of variance with Scheffe past hoc test) 

Expression of eNOS in HSVECs was increased by 
addition of taurine. 
Conclusion: These data demonstrated that taurine pro- 
tected against H-R-induced endothelial cell apoptosis and 
necrosis, possibly via upregulation of eNOS. 
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Prospective randomized trial of the antiendotoxin agent 
taurolidine in coronary artery bypass surgery 


K. K. Doddakula, J. Wang, S. Sookhai, A. O’Donnell, 

T. Aherne, D. Bouchier-Hayes and H. P. Redmond 
Department of Caréiac/Academic Surgery, Cork University 
Hospital, Cork, Ireland 

Background: Cardiopulmonary bypass results in ischaemia- 
reperfusion-induced endotoxaemia. A prospective rando- 
mized trial was perfermed to investigate the effect of 
taurolidine, an antiendotoxin agent with antioxidant and 
membrane-stabilizing properties, on patients undergoing 
coronary artery bypass surgery (CABS). 

Methods: Sixty patients undergoing elective CABS were 
randomized into four groups. Two groups (1 and 2) 
received taurolidine intravenously at induction, with two 
more doses at 12-hour intervals. Groups 3 and 4 received a 
placebo infusion of normal saline. In groups 1 and 3 St 
Thomas’ cold crystalloid cardioplegia was used, and in 
groups 2 and 4 cold blood cardioplegia. Levels of the 
proinflammatory and anti-inflammatory cytokines, inter- 
leukin (IL) 6 and IL-10, and the occurrence of ischaemia— 
reperfusion-induced arrhythmias were assessed during the 
operative period. 

Results: Administration of taurolidine in patients having 
crystalloid cardioplegia resulted in significantly reduced 
circulating IL-6 and increased IL-10 concentrations when 
compared with those receiving crystalloid plus placebo. 
Taurolidine treatment also significantly reduced reperfu- 
sion-induced arrhythmias (P < 0-003 versus placebo). Serum 
IL-6 and IL-10 levels at 24h after aortic unclamping are 
shown in the Table. 





Values are mean(s.d.). *P < 0-05 

Conclusion: This study demonstrates that taurolidine 
induces a potent anti-inflammatory tissue response in 
patients undergoing CABS that is associated with a 
significant reduction in arrhythmias. 


The antiendotoxin agent taurolidine inhibits breast 
cancer in vitro and in vivo 


M. J. O'Sullivan, J. H. Wang, Q. D. Wu, T. Hayes”, 

W. O. Kirwan and H. P. Redmond 

Departments of Academic Surgery and “Pathology, University 
College Cork and Cork University Hospital, Cork, Ireland 
Background: There is evidence that the antiendotoxin agent 
taurolidine has antitumour effects on human colorectal 
cancer cell lines. The effects of taurolidine on breast cancer 
cells were assessed in vitro and in vivo. 

Methods: In experiment 1, the metastatic human breast cell 
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line MDA and the murine 4T1 breast cell line 
were incubated with taurolidine at 5, 10, 25, 50 and 
100ugml'. Cell proliferation, apoptosis, cell cycle and 
lactate dehydrogenase (LDH) release were assessed. In the 
second experiment, Balb/c mice received tail vein injection 
of 200 ul 4T1 (5 X 10° per ml) and a subsequent injection of 
400 ul raurolidine or phosphate-buffered saline (PBS) every 
second day, up to day 10. The animals were killed on day 10 
and the following assessments were performed: (a) gross 
metastatic score and (b) histological assessment by a grid 
mechanism. 

Results: Taurolidine (50 and 100ugml”') significantly 
inhibited tumour cell proliferation at 24 h by apprommately 
60 and 90 per cent respectively (P< 0-001). Taurolidine did 
not alter apoptosis or the phases of the cell cycle. There was 
a direct cytotoxic effect on the cells, as indicated by greater 
LDH release (159 and 138 per cent of contro] with the 
100 ug mI’ taurolidine dose in 4T1 and MDA cell lines 
respectively). The gross metastatic score was 0-9 in the 
taurolidine group versus 3-4 in the PBS group (P<0-05). 
The percentage of lung metastases was 4 per cent in the 
taurolidine group compared with 11 per cent in the PBS 
group (P<0-05). 

Conclusion: Taurolidine inhibited the proliferation of these 
breast cancer cell lines m vytre at subtherapeutic doses, and it 
also significantly decreased the number of lung metastases 
in this model. These findings may advocate a role for 
taurolidine as a further option in treating patients with 
breast cancer. 


Lipopolysaccharide pretreatment reduces nuclear 
factor xB transcriptional activity and tumour cell 
adhesion In response to further stimulation by 
[Ilpopolysaccharide 

B. J. Manning, J. H. Wang and H. P. Redmond 
Department of Surgery, Cork University Hosprtal, Cork, 
lrelend 


Beckround: Endotoxaemia at the time of surgery has been 
linked to postoperative tumour progression. It was 
hypothesized that pretreatment of tumour cells with low- 
dose endotoxin would alter the lipopolysaccharide (LPS)- 
induced activation of nuclear factor (NF) kB compared with 
that in non-pretreated cells. This action would reduce 
tumour cell adhesiveness, which is a NF-«B-dependent 
_ process. 

Methods: SW480 colonic tumour cells were pretreated with 
low-dose LPS (10 ng mI’) for 24 h and then stimulated with 
LPS (100 ng ml“), or medium as control. NF-«B translo- 
cation and its subunit composition was assessed using 
electrophoretic mobility shift assay and supershift analysis. 
Transcriptional activation was assessed by transfecting cells 
with the pNF-xB-luc vector. Tumour cell adhesion to 
fibronectin was assessed by means of the Cell One Solution 
assay. Results are given as mean(s.e.m.) in relative light units 
(RLU). Statistical analysis was by analysis of variance. 
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Results: Stimulation of pretreated cells resulted in earlier 
and increased NF-«B translocation compared with that in 
nare cells. NF-xB subunit composition differed in 
pretreated cells with an increase ın the inhibitory p50/p50 
homodimer following stimulation with LPS. Reporter 
plasmid transfection showed that stimulation of non- 
pretreated cells with LPS resulted in increased transcrip- 
tional activity (0-32(0-04) versus 0-67(0-11) RLU; P<0-01) 
and increased adherence to fibronectin (0-29(0-02) versus 
0-39(0-02) RLU; P=0-04). Transcriptional activity was not 
increased in stimulated pretreated cells (0-31(0-05) versus 
0-33(0-03) RLU; P>0-05) and cell adhesion was not 
significantly increased (0-35(0-05) versus 0-36(0-05) RLU; 
P=0-9). 

Conclusion: Pretreatment of SW480 tumour cells with 
low-dose LPS reduces the ability of high-dose LPS to 
induce NF-«B transcriptional activity and to promote 
tumour cell adhesion. The results suggest a novel ther- 
apeutic strategy for the prevention of postoperative tumour 
metastasis. 


Regulation of human Iiver microvascular endothellal 
cell apoptosis by a tyrosine phosphatase Inhibitor 


S. H. Teh, A. D. K. Hill, L. M. Kelly, A. Lee, E. McDermott 
and N. O’Higgins 

Surgical Professorial Unit, St Vincent's Unroersety Hosprtal, 
Dublin, Ireland 

Background: Human liver microvascular endothelial cells 
(HLMVECs) undergo rapid apoptosis when cultured in a 
serum- and growth factor-free medium. The tyrosine 
phosphatase inhibitor, sodium metavanadate, is a potent 
endothelial cell protector even against potent apoptosis- 
inducing agents such as endostatin and tumour necrosis 
factor (TNF) a. Because the process of phosphorylation 
and dephosphorylation is vital in the endothelial cell 
apoptosis pathway, the role tyrosine phosphorylation in 
HLMVECs cultured in a serum- and growth factor-free 
medium was examined. 

Methods: HLMVECs were grown in complete serum-free 
media (with endothelial growth factors) at 37°C in 5 per 
cent carbon dioxide. Some 1 X 10% cells were incubated per 
well. Cells were starved with 2 per cent fetal calf serum for 
24 h and subsequently incubated with sodium metavanadate 
(5 and 10pmoll), vascular endothelial growth factor 
(VEGF; 5 ng mI“) and Genistein (5, 10 and 20 pmol I~") for 
a further 48h. Negative controls were treated with 
phosphate-buffered saline. Apoptosis was assessed by 
enzyme-linked ummunosorbent assay, which measures 
intracellular nucleosomes. Each experiment was done in 
triplicate and repeated three times. 

Reeutts: ‘Treatment of the cells with metavanadate 
decreased the apoptotc index (AI) to 0-6 at a dose of 
Spmoll' and to 0-6 at 10umoll'. The VEGF group 
showed a marginal decrease in apoptosis (AI 0-9), but in the 
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presence of metavanadate the Al was further reduced to 0.3, 
Genistein increased the AI to 1.2. 

Conclusion: HLMVECs undergo apoptosis in the absence 
of adequate serum or growth factors, and are protected by 
the tyrosine phosphatase inhibitor, sodium metavanadate. 
This suggests that activation of tyrosine phosphatase may 
initiate apoptosis in HLMVECs that are cultured in media 
depleted of serum and growth factors. 


Endostatin is released from human platelets 


G. F. Nash, A. Chopada’, S. Eccles*, R. I. Swift’, 

M. F. Sculley and A. K. Kakkar 

Department of Surgery, Hammersmith Hospital, Imperial 
College and “Royal Marsden Hospital, Sutton, UK 
Background: Endostatin is an endogenous angiogenesis 
inhibitor demonstrated to reduce tumour growth and 
metastases mm vivo. Although its source is unclear, there is 
some evidence from animal studies suggesting platelet 
storage. It was hypothesized that, if endostatin were 
stored in platelets and released on platelet activation, 
endostatin concentration in serum would be higher than 
that in plasma. 

Methods: The serum and plasma of 21 patients with 
colorectal tumours were compared with those from 40 
age-matched healthy subjects, using a standard enzyme- 
linked immunosorbent assay to measure endostatin levels 
and correlating these with individual platelet counts. The 
effect of thrombin-induced platelet aggregation on endo- 
statin release from pooled platelets obtained from the 
national blood bank was also determined. Platelet concen- 
trates were stimulated with lunit thrombin and, after 
centrifugation at 5000 r.p.m. for 15min, were stored at 
~ 70°C. Washed platelets were prepared as described 
previously and compared with platelet-rich plasma (PRP). 
Each experiment was conducted at a concentration of 
| x 10° cells per ml. 

Results: There was no significant difference between 
endostatin levels in serum and those in plasma in the 
21 patients with colorectal cancer (P= 0-15). The level of 
endostatin in serum was significantly lower in the cancer 
group than in controls (53-0 (interquartile range 38-2- 
74-4) versus 86-0 (44-9-131-0)ngml!; P=0.001). The 
platelet count was significantly higher in the cancer 
group compared with the control group (324 10°/L (250- 
478) versus 229 (179-269). P=0-001). There was no 
correlation between endostatin level and platelet counts 
in either cancer (7=0-32, P=0-15) or control (r=—0-15, 
P=0.36) groups. There was a threefold increase in 
endostatin on stimulating pooled PRP (206 versus 
60-4ngml'; P<0-001) with Lunit thrombin. Washed 
platelets were found to release a mean(s.d.) of 
1-5(0-4)ngml"! endostatin on the addition of a similar 
concentration of thrombin. The washed platelet lysate 


contained 4-4(1-6) ng ml ' endostatin. 
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Conclusion: These data suggest that human platelets 
release endostatin on thrombin stimulation. The 
results also support the hypothesis that platelet activation 
may have an important contribution to angiogenic 
balance. 


The antiendotoxin agent taurolidine inhibits 
angiogenesis 


M. J. O'Sullivan, J. H. Wang, W. O. Kirwan and 

H. P. Redmond 

Department of Academic Surgery, University College Cork and 
Cork University Hospital, Cork, Ireland 

Background: | he development of metastases in patients with 
cancer is known to be dependent on angiogenesis. 
Taurolidine is an antiendotoxin agent, and also has 
antineoplastic effects. Taurolidine may also inhibit angio- 
genesis. 

Methods: Human umbilical vein endothelial cells 
(HUVECs) were treated with taurolidine and cell prolifera- 
tion was assessed using 5-bromo-2-deoxyuridine incorpora- 
tion. Capillary tube formation following treatment with 
taurolidine, with and without stimulation with vascular 
endothelial growth factor (VEGF) was assessed on matrigel. 
Aortic ring sprouting using aortas from 3—4-week-old rats 
was also examined for inhibition after incubation with 
taurolidine. 

Results: The results for HUVEC proliferation, capillary 
tubule formation and aortic ring sprouting are shown in 
the Table. Taurolidine completely inhibited capillary 
tubule formation at doses of 50, 100 and 200pgmI‘. 
Taurolidine also inhibited VEGF-stimulated capillary 
tubule formation at concentrations of 5, 25, 50 and 
100 ug mI", decreasing mean(s.e.m.) values from 58(2) to 
t2(2), 8(3), 3(1) and 0(0) respectively. Aortic ring 
sprouting was completely inhibited at 100 and 
200g ml“! doses of taurolidine. 





“P<O-05 versus control (analysis of variance) 

Conclusion: These findings demonstrate that taurolidine 
inhibits angiogenesis in a dose-dependent manner. 
Taurolidine may prevent VEGF-mediated angiogenesis 
and thus may potentially inhibit the growth of dormant 
micrometastases following surgical removal of a primary 
tumour. 
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Reduction of c-myc proto-oncogene expression in 
cutaneous melanoma 


A. J. Ramsden, J. D. Chana, P. Tulley, S. D. Scott, 

B. Marples, R. Sanders and G. D. Wilson 

Restoration of Appearance and Function Trust Institute of Plastic 
Surgery and The Gray Laboratory Cancer Research Trust, 
Northwood, UK 

Background: The c-myc proto-oncogene plays a key role in 
cell proliferation, malignant transformation and apoptosis. 
Previous work demonstrated that c-myc expression levels 
are an accurate prognostic marker in melanoma and c-7yc is 
therefore regarded as a potential target for corrective gene 
therapy. 

Methods: Antisense oligonucleotides complementary to the 
c-myc translation initiation site were constructed. 

Immunodeficient mice were then implanted with A375M 
cells and treated with antisense oligoncleotides. A ribozyme 
was constructed targeting the same region of messenger 
RNA as the antisense. A375M melanoma cells were 
transfected using liposomes, and growth was assessed with 
a methyltetrazolium sulphate growth assay. C-myc expres- 
sion was measured by means of immunostaining and flow 
cytometry. 

Results: Antisense oligoncleotides reduced the growth of 
A375M cells in vitro and this reduction could be correlated 
with decreased c-myc gene activity. Tumours in mice had 
developed in 21 per cent of the treated group compared to 
73 per cent in the group treated with a scrambled 
oligonucleotide and 100 per cent in the saline treated 
controls. The ribozyme did not reduce growth or c-myc 
expression. Further ribozymes targeting different regions of 
the c-myc gene are being assessed. 

Conclusion: Oligonucleotides are an effective method of 
reducing c-#zyc expression im vitro and in vivo. Development 
of ribozymes may provide a useful new gene therapy for the 
treatment of melanoma. 


Hypertonic saline impedes tumour cell—endothelial cell 
interaction by inhibiting adhesion molecule and laminin 
expression 


C. J. Shields, J. H. Wang, D. C. Winter, E. J. Andrews, 
W. E. Laug* and W. O. Kirwan (introduced by 

H. P. Redmond) 

Department of Surgery, Cork University Hospital, Cork, Ireland 
and *Department of Pediatric Oncology, Children’s Hospital, Los 
Angeles, California, USA 

Background: Haematogenous cancer spread is initiated by 
the adherence of tumour cells to the vascular endothelium, 
enhanced by perioperative endotoxin (lipopolysaccharide; 
LPS) and endogenous inflammatory mediators. This study 
tested the hypothesis that hypertonic saline (HTS) attenu- 
ates tumour cell adhesion to the endothelium by reducing 
adhesion molecule expression. 

Methods: Human colonic cancer cells (LS174T) were 
transfected with green fluorescent protein and exposed to 
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LPS, tumour necrosis factor (TNF) œ and interleukin AL) 6 
under B (Na* 180 mmol 17) and normotonic (Na* 

140 mmol l ') conditions for 1 and 4h. Confluent human 
umbilical vein endothelial cells (HUVECs) were similarly 
exposed. Cellular apoptosis and expression of adhesion 
molecules (@;-integrin and intercellular adhesion molecule 
(ICAM) 1) and laminin were measured by flow cytometry. 


Tumour cell adhesion to endothelial cells, laminin and 


fibronectin was assessed with fluorescence microscopy. 


Results: Hypertonic exposure significantly reduced tumour 


cell adhesion, even in the presence of the perioperative cell 
stressors (Table). HTS attenuated tumour cell a ,-integrin 
and ICAM-I expression, as well as endothelial cell ICAM-1 
and laminin expression (P< 0-04), but did not significantly 
alter cell viability (Table) 





*Values are mean(s.e.m.j. MCF, mean channel fluorescence. +P < 0.04 
versus control (analysis of variance) 

Conclusion: HTS significantly attenuates tumour cell 
adhesion to the endothelium by inhibiting adhesion 
molecule and laminin expression. This may provide a 
strategy to halt the metastatic behaviour of tumour cells 
shed at operation by preventing endothelial adherence. 


Chromosomal abnormality and gene mutation in 
sporadic colorectal cancer 


A. Leslie, G. Smith, N. R. Pratt, F. A. Carey, C. R. Wolfand 
R. J. C. Steele 
Department of Surgery and Molecular Oncology, University of 
Dundee, Dundee, UK 
Background: During recent years the molecular genetic 
approach to colorectal tumourgenesis has been favoured 
but there is increasing evidence that characterization of 
chromosomal abnormalities may be of fundamental im- 
portance. This study was designed to ascertain patterns of 
chromosomal abnormality in a relatively large series of 
colorectal cancers and compare their frequency with the 
frequency of common gene mutations. 
Methods: Fifty primary colorectal cancers were analysed for 
chromosomal abnormalities using comparative genomic 
hybridization (CGH). These tumours were randomly 
selected from a cohort of 106 cases for which the mutational 
status of the genes APC, K-ras and p33, and the 
immunohistochemical pattern for the mismatch repair 
proteins human mutL homologue 1 (hMLH1) and human 
mutS homologue 2 (hMSH2), had been ascertained. 
Results: The mean number of chromosomal aberrations 
per tumour was 7-5 (range 0-28). The single most frequent 
genetic abnormality was gain of chromosome arm 20q, 
which occurred in 74 per cent of tumours. Other common 
chromosomal aberrations were gain of 13q, 8q and 7p, and 
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loss of 18q, which affected 58, 46, 46 and 46 per cent of cases 
e ely. Mutation of p53, APC and K-ras was found in 
1, 56 and 27 per cent of tumours respectively. 

ee The most striking finding from this study was 
that the single most frequent genetic aberration in these 
colorectal cancers was chromosomal and involved a region 
in which there is no convincing candidate gene currently 
known to be involved in colorectal tumorigenesis. 
Furthermore, the results reinforce the utility of C GH asa 
powerful, unbiased, genetic screen which can be used to 
search for novel genes involved in tumourgenesis. 


Cyclo-oxygenase 2: a possible target in schistosome- 
associated bladder cancer 


S. S. El Sheikh, S. Madaan, A. Alhasso, P. Abel, G. Stamp 
and E.-N. Lalani (introduced by A. Darzi) 

Faculty of Medicine, Imperial College, London, UK 
Background: Recent evidence suggests that non-steroidal 
anti-inflammatory drugs exert their antitamour effect via 
inhibition of cyclo-oxygenase (COX) | and COX-2. These 
enzymes and their products, prostaglandins, are thought to 
play a role in the progression of many human cancers. Their 
role in schistosome-associated bladder cancer (SABC) 
remains to be defined. 

Methods: Sixty paired tumour and normal samples of SABC 
were assessed for the expression of COX-1 and COX-2 by 
immunohistochemistry. Results were correlated with stage 
and grade. 

Results: COX-1 was expressed ubiquitously, while there 
was a significant increase in COX-2 (P<0-001) with 
moderate to strong granular cytoplasmic expression in 
transitional cell carcinoma (TCC), squamous cell carcino- 
ma (SCC) and adenocarcinomas associated with schistoso- 
miasis, compared with non-malignant urothelium, COX-2 
reactivity was higher in TCCs and adenocarcinomas 
compared to SCCs (P<0-001). Areas of carcinoma i situ 
showed COX-2 reactivity comparable to that observed in 
invasive areas. A statistically significant positive correlation 
was found between COX-2 expression and tumour grade 
(P=0-005). 

Conclusion: COX-2 is overexpressed in SABC, consistent 
with a potential role for COX-2 inhibitors in the prevention 
and management of SABC. 


Bacterial lipoprotein and lipopolysaccharide tolerance 
in macrophages is mediated by interleukin 1 receptor- 
associated kinase phosphorylation 


K. K. Austin, J. H. Wang, K. C. Redmond, S. Sookhai and 
H. P. Redmond 

Department of Academic Surgery, Cork University Hospital, 
Cork, Ireland 

Background: Interleukin | receptor-associated kinase 
(RAK) is a signal transducer for proinflammatory 
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cytokines. The role of IRAK in tolerance to lipopoly- 
saccharide (LPS) and bacterial lipoprotein (BLP) was 
investigated. 

Methods: RAW 264-7 macrophages were pretreated with 
medium, LPS or BLP (10 ng mI’) for 24h, then stimulated 
with LPS, BLP or LPS+BLP (100 and 1000ngm!’). 
Activated IRAK was cetermined by Western blotting. Next, 
the macrophages were pretreated with medium, AG126 or 
AG556, for Ih and stimulated with LPS, BLP or 
LPS+BLP at 100- and 1000-ngml™' doses. Tumour 
necrosis factor (TNF) @ was measured by enzyme-linked 
immunosorbent assay. To validate the in vitro findings, 
caecal ligation and puncture was performed on CD-1 mice 
after pretreatment with AGS 56. 

Results: Pretreatment with tyrophostin produced a dose- 
dependent decrease in TNF-a production in all groups. 
LPS, BLP and LPS+BLP upregulated IRAK in macro- 
phages. There was a marked downregulation of activated 
IRAK protein in beth BLP- and LPS-tolerant macro- 
phages. Administration of IRAK inhibitors in mice 
attenuated lethality compared with controls. 





Values are mean(s.d.). “P< 9-001 versus control (analysis of variance) 
Conclusion: These results suggest that IRAK serves as a 
common upstream signal transducer for proinflammatory 
cytokine production. As inhibition of IRAK activation is 
intrinsic to BLP and LPS tolerance-induced changes, 
inhibition may significantly modulate the systemic inflam- 
matory response to sepsis. 


Relationship between intestinal permeability to 
macromolecular probes and postoperative 
endotoxaemia 


J. Davies, G. R. Barclay*, H. M. Sue-Ling, D. Johnston and 
I. G. Martin 

Academic Unit of Surgery, Leeds General Infirmary, Leeds and 

"National Transfusion Science Laboratories, Edinburgh, UK 

Background: There is evidence to suggest macromolecular 
intestinal permeability (IP) probes could be of greater value 
in assessing the gut barrier. The aim of this study was to 
correlate the alterations in markers of endotoxaemia with 


© 2002 Blackwell Science Ltd 


changes in intestinal permeability to a macromolecular 
probe. 

Methods: Fifty-one patients undergoing radical gastro- 
oesophageal resection for malignancy had IP measured 
before and 7 days after operation using a dual polyethylene 
glycol (PEG3350) technique. Plasma immunoglobulin M 
to the anticore endotoxin (IgM EndoCAb) molecule was 
also measured. 

Results: In the 17 patients who developed infective 
complications, PEG3350 retrieval increased from 0-07 
(0-06-0-09) per cent before operation to 0-18 (0-10-0-24) 
per cent after operation (P = 0-01). IgM EndoCAb increased 
from 65 (43-76) to 82 (71-187) MUT! (P= 0-04). In the 34 
patients who experienced an uncomplicated recovery, 
PEG3350 retrieval increased from 0-08 (0.06-0.12) per 
cent before operation to 0-16 (0-14-0-24) per cent 
(P= 0-007). IgM EndoCAb remained unchanged: from 72 
(37-101) to 82 (54-128) MU I. There were no significant 
differences between the two groups in either PEG retrieval 
or IgM EndoCAb ttre. There was no correlation between 
PEG3350 retrieval and IgM EndoCAb titre (r, =- 0-003, 
P=0-82). 

Conclusion: There does not appear to be a correlation 
between absorption of PEG3350 and evidence of 
endotoxaemia. These findings may be explained by 
different mechanisms of absorption of the two molecules 
(transcellular versus paracellular), and call into question 
the value of orally ingested IP probes to assess gut barrier 
function. 


Characterization of hepatic proinflammatory and anti- 
inflammatory cytokine responses to portal 
endotoxaemia in obstructive jaundice 


M. A. Taylor, R. W. Parks*, J. M. Black, W. D. B. Clements, 
M. C. Regan and T. Diamond 

Department of Surgery, The Queen’s University of Belfast, 
Belfast and “Department of Surgery, University of Edinburgh, 
Edinburgh, UK 

Background: Alteration in hepatic proinflammatory and 
anti-inflammatory cytokine responses to portal endotox- 
aemia may contribute to the observed organ dysfunction 
associated with intervention in obstructive jaundice. This 
study investigated the effect of obstructive jaundice on the 
liver’s proinflammatory cytokines, tumour necrosis factor 
(TNF) g and interleukin (IL) 6, and the anti-inflammatory 
cytokine IL-10, in response to portal endotoxaemia. 
Methods: Male Wistar rats (250-350g) were allocated 
randomly to either bile duct ligation (BDL) (z = 8) or sham 
operation (7 =8). One week after surgery they underwent 
isolated hepatic perfusion. Endotoxin (Eesherichia coli 
0111:B4) was added to the perfusate from time 10-20 min. 
Aliquots of effluent perfusate were collected for cytokine 
analysis at 80 and 100 min after endotoxin perfusion. 
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Results: 





Values are median (interquartile range). “P< 0-05 versus sham (Mann- 
Whitney U test) 

Conclusion: Endotoxaemia in obstructive jaundice results in 
a significant increase in the proinflammatory and anti- 
inflammatory cytokine response. The exaggerated anti- 
inflammatory response may contribute to immune depres- 
sion, thus providing an environment conducive to sub- 
sequent sepsis and organ dysfunction. 


Bacterial lipoprotein activates nuclear factor xB and 
delays neutrophil apoptosis via a pathway involving p38 
mitogen-activated protein kinase and 
phosphatidylinositol 3’-kinase 


B. J. Manning, J. H. Wang and H. P. Redmond 
Department of Surgery, Cork University Hospital, Cork, 
Ireland 
Background: Delayed neutrophil apoptosis is implicated in 
the pathophysiology of septic shock. Bacterial lipoprotein 
(BLP) is a ubiquitous component of both Gram-positive 
and Gram-negative bacteria. This study examined the effect 
of BLP on neutrophil activation, particularly nuclear factor 
(NF) «B activation, and the mechanism by which this 
bacterial wall product delays spontaneous neutrophil 
apoptosis. 
Methods: Neutrophils isolated from healthy donors were 
incubated with BLP (100 g ml ~')and apoptosis was assessed 
at 12 and 24h by annexin V binding measured by flow 
cytometry. Nuclear extracts were assessed for NF-«B 
electrophoretic mobility shift analysis. 
Supershift analysis was performed with specific antibodies 
to the p50 and p65 subunits. Cells were also daring 
with specific inhibitors to NF-KB (SN50 50 umol T’), p38 
mitogen- -activated protein (MAP) kinase ($B202190 
25 aunt a Jun N-terminal kinase (NK) (Dicumarol 
75umoll-') and phosphatidylinositol 3’-kinase (PI-3 ki- 
nase) (LY294002 100umoll7'), and the effect on BLP- 
induced apoptosis was assessed. 
Results: BLP activated NF-xB, with maximal activity 
seen at 30min, and supershift analysis demonstrated an 
increase in the p65 subunit compared with unstimulated 


www. bjs.co.uk British Journal of Surgery 2002, 89, 634-670 


666 SARS abstracts 


cells. Inhibition of NF-KB or JNK did not affect the 
BLP-induced decrease in apoptosis which was signifi- 
cantly delayed compared with that in unstimulated cells 
at 24h (mean(s.e.m.) 15.5(5-8) versus 46-7(9-0) per cent; 
P<0-05, analysis of variance). Inhibition of PI-3 kinase 
reduced the BLP-induced apoptotic delay at 24h 
(24-6(5-5) versus 5-4(1-3) per cent; P=0-02), which was 
still less than the level of apoptosis in control cells 
(64-0(0-1 per cent). Inhibition of p38 MAP kinase also 
reduced the BLP-induced apoptotic delay assessed at 24h 
to within normal limits (44.7(7-1) versus 12-4(5-5) per 
cent; P=0-03). 

Conclusion: BLP activates NF-kB in human neutrophils 
and delays apoptosis through a pathway involving p38 
MAP kinase and PI-3 kinase. 3 


Identification of a potential new antiscarring agent 


I. Mackie, C. Linge and R. Sanders 

Restoration of Appearance and Function Trust, Mount Vernon 
Hospital, Northwood, UK 

Background: Myofibroblasts are known to persist well 
beyond the proliferative phase of wound healing in 
pathological scars, suggesting that they contribute towards 
the aetiology. A polypeptide factor has been identified in 
serum which inhibits the formation of myofibroblasts and is 
thus of potential therapeutic use. The results of its 
application both i vitro and to an incisional wound model 
are presented. 

Methods: Cultured fibroblasts (dermal, normal and 
pathological scars) were routinely grown in 10 per cent 
serum-containing media. Cells were then treated for 
14+ days with medium supplemented with variously treated 
sera or with insulin-like growth factor (IGF) I and IGF- 
H, or with insulin. Serum was depleted of active growth 
factors, including transforming growth factor (TGF) B, 
using reducing agents and was used to constitute ‘growth 
factor-depleted medium’. Serum was also fractionated 
according to molecular weight using dialysis and ultra- 
filtration. The cells were then stained immunohisto- 
chemically for @-smooth muscle actin (a myofibroblast 
marker) and the proportion of myofibroblasts was 
assessed. In vivo effects on wound healing were assessed 
using two 1-5-cm full-thickness wounds on the posterior 
flanks of Balb/c mice. One wound was treated with 
insulin at the time of wounding and the other was treated 
with saline as control. Wounds were harvested at ? weeks, 
processed for histological examination and stained for 
myofibroblasts. 

Results: Culture of all fibroblast types in ‘growth factor- 
depleted medium’ resulted in a significant increase in 
myofibroblasts (24-40 per cent; P<0-01), implying the 
presence in serum of a polypeptide inhibitor of myofi- 
broblasts. The size of this factor was less than 10kDa. Of 
the factors less than 10kDa commonly found in serum, 


« 


insulin but not IGF-I or IGF-II was found to inhibit 
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myofibroblast differentiation in vitro (Cso = 20-50 ng ml"); 
P<0-01). In vivo, topical administration of insulin 
significantly reduced the numbers of myofibroblasts. 
Optimal results were achieved by a single application of 
insulin given at the time of wounding. 

Conclusion: Insulin reduces myofibroblast formation in 
fibroblast cultures both i# vitro and in an in vivo wound- 
healing model. This suggests that insulin may form the 
basis of a novel and effective antiscarring therapy. 


Early local vascular endothelial growth factor release, 
facilitated by mast cells, may mediate adhesion 
formation after laparotomy 


R. Cahill, J. Wang, J. Sookhai and H. P. Redmond 
Department of Surgery, Cork University Hospital, National 
University of Ireland, Cork. Ireland 

Background: Mast cells may initiate the peritoneal 
reaction to injury, which leads to adhesion formation. A 
vascular endothelial growth factor (VEGF)-mediated 
pathway for this process may be stimulated by bacterial 
antigens. 

Methods: Two groups of CD-1 mice underwent standar- 
dized adhesion-inducing surgery (AIS), receiving either a 
single postoperative dose of anti-VEGF monoclonal 
antibody (lOug per mouse) or a similar volume of 
immunoglobulin G isotype antibody. Mice were graded 
blindly for adhesion formation on a 0-3 scale 14 days 
later. VEGF was measured by enzyme-linked immuno- 
sorbent assay in both systemic plasma and peritoneal 
lavage fluid. The fluid was obtained 2, 6, 12 and 24h 
after surgery in additional CD-1 mice, as well as from a 
mast cell-deficient strain (WBB6F1°) and their wild-type 
littermates (WBB6FI*). VEGF was also assessed in 
unoperated CD-1 mice 2 and 6h after intraperitoneal 
administration of either lipopolysaccharide (LPS; 10 or 
50 ug per mouse) or vehicle. 

Results: CD-I mice treated with a single dose of anti- 
VEGF therapy early after surgery had significantly fewer 
adhesions than controls (mean(s.e.m.) 1-8(0-2) versus 
2.7(0-2), P<0-05, analysis of variance). Local VEGF 
release peaked 6h after surgery in both WBB6FI* 
(43(6) peml') and CD-1 (33(6) pgml”') mice compared 
with controls (18(1) pgmI"'; P<0-05, Mann-Whitney U 
test), but remained similar to baseline in WBB6F1” mice. 
Intraperitoneal LPS resulted in significant, dose-depen- 
dent, early local release of VEGF in CD-1 mice, while 
systemic VEGF levels were similar at all times. 
Conclusion: These results indicate that mast cell-facili- 
tated local VEGF release plays a central role in the 
formation of adhesions after laparotomy and may 
be stimulated by local contamination with bacterial 
antigens. 
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Bacterial superantigen enhances wound healing 


B. J. Manning, M. R. Kell, D. C. Winter, J. H. Wang, 
W. O. Kirwan and H. P. Redmond 
Department of Surgery, Cork University Hospital, Cork, Ireland 
Background: Although T cells and their products are known 
to play a central role in wound healing, the effect of T-cell 
expansion and activation on wound healing has not been 
examined. This study examined T-cell activation by 
bacterial superantigen (staphylococcal enterotoxin B 
(SEB)) and the effect that this has on wound healing in 
normal animals. 
Methods: Male 10-week-old C57B/L6 mice were treated 
with SEB 50mg in 0-5 ml saline or 0-5 ml saline vehicle 
alone. Serum was harvested at 2h and cytokine enzyme- 
linked immunosorbent assay was performed. Two groups of 
mice were anaesthetized and had a dorsal full-thickness 
wound (1.5 cm’) excised, covered with transparent adherent 
ing, and treated topically with 0-5 ml saline vehicle or 
SEB (10 pg). Two groups had a longitudinal dorsal incision 
through skin and panniculus carnosus, closed with staples 
and infiltrated with either saline or SEB. Wounds were 
treated on alternate days and assessed by planimetry for 
closure. Tensiometry was performed on day 11. 
Results: SEB-treated mice produced a proinflammatory T- 
cell phenotype. Levels of the cytokines interleukin 2 
(38 units mI’), tumour necrosis factor o (810 pg ml”) and 
interferon y (30ngml") were increased compared with 
controls (P<0-05, analysis of variance). Planimetry with 
reference to the original wound area demonstrated en- 
hanced contracton of SEB-treated wounds compared with 
saline alone wounds (79 versus 94 per cent at day 11; P=0-02, 
Mann-Whitney U test). No difference was found in wound 
tensiometry parameters between SEB and saline groups 
(1-12 versus 1-08 N m”; P> 0-05). 
Conclusion: Taken together, these results suggest that T- 
cell activation with superantigen may enhance wound 
closure without compromising wound strength. It is 
postulated that T-cell activation using superantigen may 
be of therapeutic use to enhance wound healing. 


CD14*-CD16* blood monocyte subset and not genetic 
predisposition Influences the soluble CD14 receptor 
expression associated with severe acute pancreatitis 


S. H. Rahman, G. Salter, M. Larvin and M. J. McMahon 

Academic Unit of Surgery, The General , Leeds, UK 
Background: The soluble form of CD14 (sCD14) 1s derived 
from a 55-kDa membrane-bound glycoprotein on mono- 
cytes and enhances endothelial cytokine responses to 
lipopolysaccharide (LPS). It is a mediator of the systemic 
inflammatory response syndrome (SIRS). The role of 
sCD14 expression in the SIRS associated with acute 
pancreatitis (AP) was investigated to determine whether 
altered expression was due to a C260T polymorphism in the 
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CD14 promoter gene or attributable to an altered mono- 
cyte subpopulation. 

Msthods: Peripheral blood samples in patients with AP were 
assayed for sCD 14 (24 and 72 h from onset) and correlated 
with clinical severity (Atlanta criteria) and SIRS (Acute 
Physiology Score; APS). Peripheral blood mononuclear 
cells (PBMCs) were isolated to identify immunophenotypes 
using immunofluorescence flow cytometry. Leucocyte 
DNA was genotyped for the CD14 polymorphism using 
the polymerase chain reaction. 

Results: Severe AP (n=20) was associated with an early 
sustained increase in plasma levels of sCD14 (median 67 
(range 25-216)ygl') compared with the level in mild 
attacks (50 (24-103) ugi; n= 70, P<0-001) and in healthy 
controls (51 (23-78) ug I!; n = 40, P <0. 001). Soluble CD14 
correlated strongly with APS at 24h (r° =0.38, P< 0-001) 
and 72 h (7? = 0-56, P< 0-001). The proportion of monocytes 
in PBMC isolates was increased ın severe attacks (P< 0-05), 
but the early increase in CD14 correlated only with the 
relative expansion in the population of CD14°-CD16° 
monocytes (r*=0-57, P<0-001). No differences in CD14 
genotype were detected between 245 patients with AP (68 
severe) and 143 controls, even after stratification for disease 
severity. 

Conclusion: Severe AP is associated with increased sCD14 
expression which may be secondary to alterations in 
monocyte subsets. This increased expression is possibly a 
response to LPS but does not appear to be predetermined 
genetically. 


Oestrogen withdrawal reduces ceil proliferation only In 
oestrogen receptor-positive ductal carcinoma /n situ 


G. P. Boland, A. McKeown, K. C. Chan, W. F. Knox’, 

C. S. Pottent and N. J. Bundred 

Departments of Surgery and “Pathology, Untversity Hospital of 
South Manchester and tDepartment of Eptthehal Biology, 
Patterson Instrtute for Cancer Research, Manchester, UK 
Background: In the USA, adjuvant tamonifen is recom- 
mended for all patients following breast-conserving 
surgery for ductal carcinoma m stu (DCIS) despite 50 
per cent of cases of DCIS being oestrogen receptor (ER) 
negative and therefore unlikely to respond to antioestro- 
gen therapy. 

Methods: To investigate the effect of oestrogen with- 
drawal on cell proliferation in patients with DCIS, 111 
patients were studied who had undergone diagnostic core 
biopsy followed by surgery for DCIS 14-21 days later. 
ER status and Ki67 (a measure of epithelial cell 
proliferation) were determined for each patient by 
immunohistochemistry on paired sections of the core 
biopsy and operative specimens. Women had either never 
taken, continued or stopped hormone replacement 
therapy between samples. 

Results: The results are summarized in the Table. 
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Values in parentheses are interquartle ranges. “Mann-Whitney U test 
Conclusion: Oestrogen withdrawal reduced proliferation in 
ER-positive but not in ER-negative DCIS. Selection for 
adjuvant antioestrogen therapy should be based on ER- 
positive status in patients with DCIS. 


improved detection of circulating tumour cells in 
patients with breast carcinoma 


K. C. Redmond, J. H. Wang, K. K. Austin, G. McGreal, 
N. Aherne, W. O. Kirwan, D. Richardson’, J. Kelly* and 
H. P. Redmond 

Department of Academic Surgery, Cork University and “South 
Infirmary Hospitals, Cork, Ireland 

Background: There is a variability in the results for the 
detection of peripheral blood (PB) or bone marrow (BM) 
circulating tumour cells (CTCs). This unit has validated a 
novel technique that combines immunomagnetic separa- 
tion (IMS) with dual-staining flow cytometry (FC), 
Huorescent microscopy (FM) and immunocytochemistry 
(ICC). This study aimed to apply this technique to patients 
with breast carcinoma (#7 = 27), to identify an optimal time 
and site for sampling. 

Methods: PB, rb BM and iliac crest BM samples were taken 
before and after operation. Axillary vein blood was sampled 
during resection of the primary tumour. The leucocyte 
fraction was fixed and permeabilized. Immunostaining of 
| x 10° cells with both fluorescein isothiocyanate (FITC)- 
conjugated MNF116 (a monoclonal antibody to cytoker- 
atins 5, 6, 8, 17, 18 and 19) and propidium iodide (to 
differentiate cells from debris) demonstrated specific 
binding on FC, IMS with FC, and FM. IMS enriched 
samples by coupling FITC-MNF116* cells to anti-FITC 
microbeads. An unconjugated form of MNFI116 was 
required for ICC. 

Results: Four million cells were evaluated on 124 samples; 
88 per cent of patients were positive for CTCs. 
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Sampling time: 








Technique: 






There was a significant association between positivity rates 
before and after operation (P< 0-001, Pearson correlation). 
There was no significant association between rib and iliac 
crest BM sampling (P< 0-5). IMS increased the detection 
rate from 24 to 40 per cent. 

Conclusion: IMS improved detection. This may also be due 
to multiple sampling at different sites rather than different 
timepoints. This suggests that phenotyping rather than 
detection of CTCs may be more important to determine 
metastatic potential. 


Effects of retinoic acid and insulin-like growth factors in 
primary hyperparathyroidism 


C. K. M. Wong, T. Lai, C. E. H. Stewart, J. M. P. Holly and 
J. R. Farndon 

Division of Surgery, Bristol Royal Infirmary, Bristol, UK 
Background: The aim was to assess the inhibitory actions of 
retinoic acid (RA) and its interactions with the insulin-like 
growth factor (IGF) system in a primary cell culture model 
of primary hyperparathryoidism. 

Methods: Fresh human parathyroid glands were obtained 
from nine patients undergoing surgical treatment for 
primary hyperparathyroidism. Glands were bisected for 
histology (frozen section) and immediate cell culture. 
Tissue was dispersed by enzyme digestion and cells were 
cultured in 24-well plates. Following adhesion, the cells 
were transferred to serum-free medium and dosed once 
with growth factors with and without RA for 96h. 
Proliferation was assessed by measuring the incorporation 
of tritiated thymidine. 

Results: Compared with controls (7 = 5), IGF-I and IGF-I 
at 100 ng ml”! increased DNA synthesis by a mean(s.e.m.) of 
56(6) and 51(8) per cent respectively (P<0-05). Trans- 
retinoic acid at 10” moll’ significantly suppressed basal 
DNA synthesis by 18(4) per cent, whereas RA at 10° mol I"! 
induced DNA synthesis by 16(13) per cent compared with 
the control (P<0-05). RA at 10° moll! completely 
abrogated the proliferative actions of IGF-II by lowering 
the thymidine incorporation to 30(10) per cent below the 
control value (P< 0-05), but had no significant effect on the 
IGF-I response. To evaluate the role of IGF-II receptor or 
IGF-binding proteins (IGFBPs) in mediating the actions of 
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RA (n=4), the analogues [Leu27JIGF-IT (10-20-fold 
reduced IGF-I receptor affinity) and des(1-6)IGF-I (lower 
IGFBP binding affinity) were used. The IGF-II inhibitory 
effect of RA was enhanced in the presence of the analogue 
[Leu27}IGF-IT (P=0-052) but not with des(l-6) IGF-I 
(P>0-05) compared with wild-type IGF-I. 

Conclusion: These data indicate a novel antiproliferative 
role for RA in enhancing the pericellular clearance of IGF- 
U via the IGF-II receptor, thus preventing ligand activation 
of the IGF-I receptor. This may have broader implications 
for RA effects in other tumours. 


Nitric oxide expression following reperfusion In human 
orthotopic liver transplantation 


R. Varadarajan*t@, L. Young*t{,. M. Quinlant, 

P. McLoughiin§, J. Geoghegan*@, O. Traynor, 

G. McEntee*, J. E. Hegartyt@[ and C. O’Farrelly* 
“Department of Surgery, tlHducation and Research 
Centre, Department of Endocrmology and JThe 
National Lever Transplant Unt, St Vincent’s Hosprtal 
and §SDepariment of Physiology, University College Dublim, 
Dublim, Ireland 

Background: Cold ischaemia followed by reperfusion may 
cause donor liver injury during lrver transplantation (LT). 
Animal models have suggested that nitric oxide may be an 
important mediator of this injury. In this study the role of 
nitric oxide and endothelial and inducible nitric onde 
synthases (eNOS and iNOS) in hepatic ischaemia—reperfu- 
sion injury during human LT was examined. 

Methods: Nine liver samples were obtained from the donor 
organ before cold perfusion and 1h after reimplantation. 
Wedge biopsies (50mg) were homogenized, centrifuged 
and filtered (50000 MW). Nitrate—nutrite levels were then 
measured ın the supernatant. A chemiluminescent techni- 
que for detecting nitric oxide production after reduction of 
nitrate and nitrite was developed to determine nitric oride 
levels using a dedicated nitric oxide analyser (NOA 280i; 
Sievers). Protein from the above samples was analysed by 
Western blotting for eNOS and iNOS expression and 
quantified by optical densitometry. 

Results: Nitrate—nitrite levels were reduced followi 
reperfusion (mean(s.e.m.) 14-1(2-5) versus 9-7(1-5) umol I”; 
P=0-02). Western blot analysis showed reduced levels of 
eNOS following reperfusion (before 0-58 versus after 
0-2 umol I7"), although this was not statistically significant. 
iNOS was not detected in biopsies taken either before or 
after reperfusion. 

Conclusion: This study demonstrates that there ıs a 
reduction in nitric oxide following reperfusion in human 
LT. This decrease may be related to the reduced expression 
ofeNOS and may be of relevance in the aetiology of the tissue 
injury that occurs during human LT. 
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Prediction of outcome In hepatic reeection for 
metastatic colorectal carcinoma 


R. Mofidi, S. Connolly, P. Neary, A. Brabazon*, R. E. Ryan, 
J. E. Stone, K. Sheahant, J. G. Geoghegan and O. Traynor 
Departments of Hepatobihary and Transplant Surgery, and 
+ Pathology, St Vincent’s University Hospital and “Department of 
Accountancy, University College, Dublin, Ireland 

Background: Efficacy of liver resection for metastatic 
colorectal carcinoma is well established based on popula- 
tion statistics but the outcome in an individual patient is far 
from certain. The aim of this study was to evaluate the 
ability of an artificial neural network (ANN) in predicting 
outcome from colorectal liver metastasis. 

Methods: From January 1990 to December 1999, con- 
secutive patients who underwent hepatic resection for 
colorectal metastasis were included in the analysis. Clinical 
and pathological prognostic variables were collected. 
Postoperative survival was assessed at 1, 2 and 5 years. A 
multilayered perceptron ANN was constructed and trained 
using the above data. Some 25 per cent of data sets were 
excluded from training and were used to evaluate the 
accuracy of predicting survival in individual patients using 
the trained ANN. The accuracy of prediction was expressed 
as mean squared error (MSE) and was compared with a 
multivariate logistic regression model. 

Results: A total of 118 patients underwent hepatic resection 
for colorectal metastasis, of whom 86 had metachronous 
colorectal metastases. In the remaining 32 the lesion was 
synchronous to the primary colorectal lesion. The survival 
rate at 1, 2 and Syears was 86, 58 and 36 per cent 
respectively. The penoperative mortality rate was 8 per 
cent MSE of the ANN at predicting 5-year survival was 
0-02, which was significantly better than the logistic 
regression model (MSE 0.13; P<0-001). ANN was an 
accurate tool at predicting 2- and 5-year survival following 
resection of colorectal hepatic metastasis (accuracy 92 and 
96 per cent respectively). 

Conclusion: ANNs are able to predict outcome following 
resection of colorectal metastasis in individual patients with 
accuracy, and outperform regression analysis. ANN is a 
valuable tool in the management of patients with liver 
metastasis from colorectal carcinoma. 


Slalyl-Lewis* hybridized complement receptor type 1 
moderates acid aspiration Injury 


C. Kyriakides, Y. Wang, W. G. Austen Jr, J. Favuazza, 

L. Kobzik*, F. D. Moore Jr and H. B. Hechtman 
(introduced by N. C. McCollum) 

Departments of Surgery and “Pathology, Brigham and Women’s 
Hospital and Harvard Medical School, Boston, Massachusetts, 
USA 

Background: The potentially enhanced anti-inflammatory 
effects of sialyl-Lewis* hybridized complement receptor 
type 1 (sCR1isLe*) in moderating acid aspiration ınjury were 
examined. 
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Methods: Hydrochloric acid was instilled in tracheostomy 
tubes placed in anaesthetized mice and extravasation of 
L -labelled albumin in bronchoalveolar lavage (BAL) 
was used to calculate the vascular permeability index (PI). 
Polymorphonuclear neutrophil (PMN) counts in BAL and 
immunohistochemistry were performed. Animals were 
maintained in accordance with National Research 
Council guidelines. Statistical analysis was by z test with 
Bonferroni correction. 

Results: After subtraction of the sham value, the mean 
(s.em.) PI in untreated mice (7=26) was 0-09(0. 01). 
Permeability was reduced by 44 per cent in mice treated 
with § mg kg! sCRI (7 = 20; PIO. 05(0-003); P< 0-05) and by 
37 per cent when animals were treated with 10mgkg”! 
SCRI (n=17; PI 0-04(0-004); P<0-05). Respective PI 
reductions in mice treated with 5 and 10mgkg`' 
sCRIisLe* were 0-03(0-004) (67 per cent; n=20) and 
0-02(0-002) (82 per cent; #=19), higher than values 
obtained for the respective sCRl-treated groups 
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(P< 0-05). This resultindicated PMN activity in the absence 
of complement activation. BAL PMN counts of 23(6) in 
10mgkg™ sCRIsLe*-treated mice (7 = 5) were lower than 
in animals treated with 10 mgkg™' sCR1 (7 =5; 506(148); 
P<0-05) and in untreated mice (7 = 5; 479(132); P< 0-05), 
This result indicated neutrophil sequestration despite 
inhibition of complement activation. Reductions in PI in 
mice treated 0-5 and 1 h after acid aspiration with 10 mg kg” 

| sCRisLe* of 0. 03(0-097) (70 per cent; #=19) and 
0-04(0-004) (57 per cent; n=20) were greater than the 
decreases in PI of 0)-05(0-005) (54 per cent; n=20) and 
0-06(0-005) (30 per cent; n = 19) in 10 mg kg sCR1-treated 
groups (P< 0-05). Immunchistochemical staining for sCR1 
was found only on the vascular endothelium of sCR1sLe*- 
treated mice. 

Conclusion: sCRIisLe* moderates permeability by antag- 
onizing complement activation and PMN adhesion. 
Delayed complement and neutrophil antagonism reduces 
injury. 
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This article Is published to coincide with the centenary celebrations of the Association of Surgeons of the Netherlands. 


One hundred years of surgical science behind the dikes 


H. Obertop* and C. J. H. van de Veldet 


Department of Surgery, “Academic Medical Centre, PO Box 22700, 1100 DE Amsterdam (e-mail: Lobertop@amc.uva.nl) and tLeden Unrvernity 
Medical Centre, PO Bax 9600, 2300 RC Leiden (e-mail: C J.H van_de_Velde@lumc.nl), The Netherlands 


Ona Sunday afternoon, 2 March 1902, at the Binnengasthuis 
in Amsterdam, 35 Dutch surgeons, the majority from that 
city, came together under the chairmanship of Professor 
Jacobus Rotgans (1859-1948), Professor of Surgery at the 
University of Amsterdam, to establish the Nederlandse 
Vereniging voor Heelkunde (Association of Surgeons of the 
Netherlands). The inaugural meeting was held at the 
amphitheatre of this university hospital that was, as was 
typical in those days, used both asa lecture hall and operation 
theatre for surgical demonstrations. After the official 
business the founding surgeons continued with the core 
activity of the young Association, as stated in its constitu- 
tion — the enhancement of surgery and surgical science by 
scientific presentations, demonstrations and discussions. 

The new president Rotgans was the first speaker that 
afternoon, presenting a paper on the upsilon-type gastro- 
enterostomy that he had developed. Rotgans was well 
known for having successfully performed the first total 
gastrectomy for cancer in a young lady 4 years earlier. This 
was a formidable and dangerous novel procedure, and an 
example of one of the great advances in surgery, typical of 
the great surgeons from the German-speaking countries. 
Many of these surgeons came from the school of Theodor 
Billroth from Vienna, who had died in 1894. Dutch 
surgeons were very much under the influence of German 
surgery; they were trained in German, Austrian or Swiss 
institutions and German-speaking surgeons held academic 
positions in the Netherlands. A. Narath (1864-1924), who 
was a founding surgeon of the Association, was the third ina 
row of Billroth’s trainees appointed as a professor of surgery 
at the University of Utrecht. Narath’s needle, designed for 
femoral hernia repair, was used by generations of Dutch 
surgeons. Otto Lanz, a disciple of the famous thyroid 
surgeon Theodor Kocher from Berne who was awarded the 
Nobel prize for his workin 1908, was appointed professor of 
surgery in Amsterdam, where he became known for his 
work on appendicitis and as a connoisseur of the arts. Dutch 
surgeons followed their German teachers in their discipline, 
an authority that could be felt until the 1950s at some 
university departments. The Dutch used the fabulous 
German textbooks and high-quality detailed surgical atlases 
for many years. 
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The meetings of the Association were held four times a 
year (twice in Amsterdam) for about 80 years. Communica- 
tions consisted in the first half of the century mainly of case 
reports, and demonstrations of techniques and instruments, 
such as the device used for gastric resection demonstrated 
by and named after J. Schoemaker (1871-1940) from The 
Hague, who was well known for his gastric resections. 
Discussions ensued, such as that challenging the ‘red 
stomach’ as an indication for resection, as proposed by the 
same Schoemaker; treatment of wounds and amputations 
was another frequently discussed topic, especially at the 
time of the Great War. 

Dutch surgeons of the first half of the century very 
seldomly published their work in the international litera- 
ture. Nederlands Tijdschrift voor Geneeskunde (Dutch Journal 
of Medicine) was the usual forum for surgical communica- 
tions; for example, C. F. A. Koch (1859-1951), Professor of 
Surgery at the University of Groningen, produced 94 
publications in this journal during his active career. In an 
address on the 25th anniversary of the Association, 
president Koch expressed his disappointment with Dutch 
surgery: ‘....by our knowledge of three languages we are 
able to read all publications by our neighbours....’ and 
‘....with our well-known caution we only take over those 
therapies that we like and thereby we prevent many of the 
complications encountered by others. As a result the 
patients are safe in our hands ....this policy is harmful for 
the originality of Dutch surgery. Anyway, pioneering work 
is seldomly encountered in our country’. This was 1927. 

Two years later, Ite Boerema (1902-1980), a young 
trainee from the same university, visited the Mayo Clinic in 
the USA, an institution that had already risen to fame. He 
was attracted by the American spirit of the time, and by the 
type of surgery that was based on more original scientific 
ideas than on the authority of famous experts that he would 
meet during his further traning in Germany and Holland. 
His trip to the USA had a great influence on his work as a 
teacher, scientist and professor of surgery at the University 
of Amsterdam from 1946 to 1973. He became known for the 
introduction of hyperbaric oxygen therapy, and for the 
development of novel techniques in the repair of hiatus 
hernia and in upper gastrointestinal anastomosis. He and 


Bntish Journal of Surgery 2002, 89, 673-675 673 


674 Leading article + H. Obertop and C. J. H. van de Velde 


other contemporary leaders in surgery introduced the 
modern surgical concepts that were developed in North 
America and Great Britain, and which became popular after 
the Second World War. 

The Collegium Chirurgicum Neerlandicum was 
founded in 1947 to stimulate scientific surgical research. A 
need to have its own journal was felt and the Archivum 
Chirurgicum Neerlandicum was established in 1949 with 
Boerema as the first editor-in-chief. However, this pub- 
lication had a marginal existence, and for many years the 
editors had difficulty in producing its four issues per year 
because of a lack of submitted manuscripts. Surgical science 
did not yet flourish, although various experimental labora- 
tories were established at Dutch universities. 

It was not until the 1960s and 1970s that interest in 
research grew among the young surgeons. This happened 
partly because research participation became an almost 
obligatory part of some of the training programmes, 
especially in those institutions with a research tradition of 
their own. The professors of the relatively new universities, 
such as Rotterdam (Herrie Muller 1917-1977) and later 
Maastricht (Jacobus Greep 1929-), sent their young 
trainees. abroad to research fellowships in the great 
institutions of the USA. Many of these doctors, and a few 
of them later as professors of surgery, have stimulated 
surgical research (or better, research by surgeons) in the 
Netherlands. They have made Dutch surgeons aware of the 
impact of publications and of the attraction of scientific 
competition, 

In 1980 the Archivum Chirurgicum Neerlandicum was 
renamed the Netherlands Journal of Surgery and this 
remained the forum of the Association of Surgeons of the 
Netherlands for retrospective cohort studies and interestin g 
case reports; a few prospective studies were submitted to 
journals with a higher impact factor. At that time the 
reluctance of Dutch surgeons to embrace new therapies 
from other countries on the basis of retrospective studies, as 
was the case 50 years before, prepared an excellent seeding 
ground for prospective randomized clinical trials (RCTs). 
The technique of parietal cell vagotomy could only be 
implemented in Holland as therapy of choice for peptic 
ulcer disease when the short- and long-term outcomes of 
this operation had been proven to be superior over standard 
therapy in a RCT by Dutch and British surgeons’, The 
therapy became obsolete some 10 years later after original 
thinking by others. 


In 1990 a merger between the Netherlands Journal of 


Surgery and Acta Chirurgica Scandinavica was proposed at the 
time of a number of European initiatives, such as 
Eurosurgery. The European Journal of Surgery was founded 
in 1992 under the editorship of Professor Sten Lennguist as 
the new forum of Scandinavian and Dutch surgical societies. 
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Dutch surgeons became involved in the editorial board of 
the new journal, a process that has probably stimulated 
surgical trainees and fellows to submit their papers to that 
journal. 

‘The interest in RCTs continued in many fields of surgery 
and when Dutch surgeons were sceptical about the concept 
of extended lymph node dissection, which had been shown 
to improve survival after gastric resection for cancer in 
retrospective studies, a large national randomized con- 
trolled trial was set up, in which almost all Dutch surgical 
groups participated under Japanese surgical guidance. The 
expected superiority of the D2 (extended lymph node) 
dissection could not be proven’. The effect of blood 
transfusion on prognosis in colorectal cancer’, the need 
for antibiotic prophylaxis in surgery for fractures“, the effect 
of oral anticoagulant therapy after femoropopliteal bypass 
surgery”, the superiority of laparoscopic inguinal hernia 
repair over traditional techniques’, and the reduction in 
local tumour recurrence after rectal resection with total 
mesorectal excision and neoadjuvant radiothera py” were all 
studied in RCTs. They are a few examples of novel 
therapies, propagated by others, that have been assessed 
by Dutch surgeons in a prospective randomized fashion. 

Lack of originality of Dutch surgeons is no longer a 
critical issue, as can be appreciated by the number of Dutch 
contributions to the biomedical literature in general and 
more specifically these to B7S. BFS became the forum of 
Dutch surgery when the membership of the Association of 
Surgeons of the Netherlands choose to affiliate with this 
Journal in 2000; the Association left the European Journal of 
Surgery at this time, albeitin good harmony. Dutch surgeons 
currently play a leading role within the structure of BFS, a 
publication dedicated to scientific surgery. 
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Introduction 


Coeliac disease or gluten-sensitive enteropathy has gener- 
ally been considered an uncommon gastrointestinal condi- 
tion; in 1950 its estimated incidence in the UK was one in 
8000'. The advent of novel serological assays, that can be 
used in the initial search for coeliac disease, and endoscopic 
small bowel biopsy have led to increasing numbers of 
diagnoses”. Recent screening studies in several European 
countries now suggest that the prevalence of adult coeliac 
disease is of the order of one per 100-300 individuals”. This 
has been established by screening cohorts of volunteers 
from the general population’. 

Underdiagnosis of coeliac disease has been described by 
others and appears to be related to the diversity of its 
presentation’. Patients with adult coeliac disease have been 
thought generally to complain of gastrointestinal symptoms 
suggestive of malabsorption; this manner of presentation is 
now recognized as the classical (typical) form”. However, it 
is now known that not all patients have gastrointestinal 
symptoms (silent or atypical form) and that the disease may 
present insidiously, for example with iron deficiency 
anaemia, Osteoporosis, cryptogenic hypertransaminasae- 
mia, ataxia or peripheral neuropathy’. 

Despite an almost year on year increase in the number of 
new cases of coeliac disease, there remains a delay in its 
diagnosis. Studies assessing this problem have consistently 
described a failure to recognize the condition at both 
primary and secondary care levels. One recent report 
described a median delay in diagnosis of 4-9 (range 0-2- 
16) years and noted that 14 per cent of patients had had a 
previous gastroscopy without duodenal biopsy’. Those 
affected may have an associated morbidity with the 
development of coeliac-related complications, such as 
iron deficiency anaemia, osteoporosis, infertility, and an 
increased risk of gastrointestinal malignancy and certain 
autoimmune conditions’. All of these complications are 
potentially reversible or avoidable by adhering to a gluten- 
free diet. 

Epidemiological surveys have suggested that irritable 
bowel syndrome (IBS) affects 2~22 per cent of Western 
populations’. The challenge for the clinician is to exclude 
organic pathology on the basis of history and clinical 
examination, particularly the absence of sinister features 
such as weight loss, rectal bleeding, nocturnal diarrhoea and 
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anaemia. Only a small proportion of patients with putative 
IBS are investigated further or referred to secondary care. 
Gastroenterologists generally establish the diagnosis of IBS 
using symptom-based diagnostic criteria, particularly the 
Rome H Diagnostic Criteria for Functional Gastro- 
intestinal Disorders’. While it is recognized that patients 
may have abdominal pain with altered bowel habit that does 
not fit the Criteria exactly, they are nevertheless used by 
clinicians as a diagnostic aid that represents a consensus 
viewpoint derived from currently available data. While not 
all practitioners rely on the Criteria, it has been demon- 
strated that they aid accurate recognition of gastrointestinal 
functional diagnoses in up to 80 per cent of cases’. 

A case-control study at a single university hospital 
assessed 300 consecutive new patients who fulfilled the 
ROME II Criteria for IBS, and age- and sex-matched 
healthy controls. The former group contained 14 patients 
(5 per cent) with coeliac disease, cases being recognized 
initially using antibody tests, with confirmation by duo- 
dena! biopsy. The control group contained two cases of 
coeliac disease. These findings show a significant associa- 
tion of coeliac disease with IBS compared with controls 
(x? = 7-6, P = 0-004, odds ratio 7-0 (95 per cent confidence 
interval 1-7 to 28-0))°. The observation that coeliac disease 
may be misdiagnosed as IBS should change clinical practice, 
and within this group of patients it seems appropriate to use 
antibody tests as part of the baseline laboratory profile. In 
addition to IBS-type symptoms, recent reports have 
established that coeliac disease may also present with 
other gastrointestinal manifestations (abdominal pain, 
reflux or dyspeptic symptoms) without features of mal- 
absorption”. 

Pancreatic exocrine insufficiency is well described in 
coeliac disease but its association with idiopathic recurrent 
pancreatitis is a novel observation”. Of 169 patients referred 
for possible sphincter of Oddi dysfunction, 12 (7 per cent) 
were found to have coeliac disease with both manometric 
evidence of stenosis and histology consistent with peri- 
ampullary inflammation and villous atrophy. The hypo- 
thetical pathophysiological mechanism is attributed to 
malnutrition’. 

The use of antibody profiles in the initial recognition of 
coeliac disease is now well established. Antigliadin anti- 
bodies (both immunoglobulin (Ig) G gliadin and A gliadin), 
endomysial antibody (EMA) and, more recently, tissue 
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transglutaminase have all been evaluated. The sensitivity 
and specificity of these antibodies vary, but EMA appears to 
be the most specific with results consistently above 90 per 
cent’. However, in the above study describing the associa- 
tion of coeliac disease with IBS, three of the 14 cases of 
coeliac disease within the IBS group were EMA negative’. 
This observation is not unique. A recent study ofa cohort of 
69 patients with untreated coeliac disease reported the 
overall EMA sensitivity to be 60 per cent’. The Dutch 
group involved described a correlation between EMA 
positivity and the severity of the histological lesion. 
Patients with total villous atrophy were all EMA positive 
while in those with partial and subtotal villous atrophy the 
sensitivity of EMA testing was 31 and 70 per cent 
respectively. A pragmatic approach would be to use a 
panel of antibodies, for example both antigliadin antibodies 
and EMA, when investigating high-risk groups. This is 
economically justifiable as these tests are inexpensive (£20 
for all three). 

Evaluation of duodenal endoscopic markers (loss or 
reduction of folds, scalloped folds, mosaic or micronodular 
pattern) in making the diagnosis of coeliac disease, although 
having a specificity of over 90 per cent, has consistently been 
associated with a sensitivity of less than 50 per cent’”, 

A case-finding approach to coeliac disease can be 
recommended. Patients at high risk (for example those 
with IBS symptoms or iron deficiency anaemia) should 
be investigated initially using a panel of antibodies. 
Histological confirmation should be obtained by quad- 
rantic duodenal biopsy, avoiding diagnostic delay and its 
ensuing complications. This is a considered approach: if 
you look for coeliac disease you will find it. 
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Scientific data from clinical trials: investigators’ 


responsibilities and rights 


Based on recent reports”, there are increasing concerns 
about the control of the scientific data obtained from 
clinical trials sponsored by industry. Many of the problems 
encountered are the result of restrictions contained in the 
research contracts that participating investigators are asked 
to sign. A number of solutions have been suggested to 
ensure the integrity of clinical trials, including the establish- 
ment of appropriately constituted trial oversight commit- 
tees, negotiating non-interference pledges from industry 
sponsors, and creating proactive support of investigators’ 
rights by organized medicine”, 

As surgical journal editors, we stand opposed to 
inappropriately restrictive contractual agreements govern- 
ing company-sponsored clinical trials of devices or drugs, 
such as those containing clauses that deny the investigators 
proper control over the scientific aspects of the trial or 
restrict access to the data and their timely publication. We 
believe that responsibility for the scientific data from 
clinical trials and its analysis, interpretation, and publica- 
tion should rest in the hands of the investigators. In 
multicentre trials, a duly appointed and properly consti- 
tuted publications committee can, and usually should, carry 
out these responsibilities. 

Recently, the editors of 13 medical journals also 
published their opposition to inappropriately restrictive 
research contracts, insisting that investigators be given and 
assume adequate responsibility for the conduct of a clinical 
trial, have sufficient access to the data to perform the 
necessary analyses, and have control over the decision to 
publish. The editors further stated that they will ‘routinely 
require authors to disclose details of their own and the 
sponsor's role in the study’ and ‘...will ask the responsible 
author to sign a statement indicating that he or she accepts 
full responsibility for the conduct of the trial, had access to 
the data, and controlled the decision to publish’ and ‘.. -will 
not review or publish articles based on studies that are 
conducted under conditions that allow the sponsor to have 
sole control of the data or to withhold publication’?! 

Editors may choose not to publish an article if the sponsor 
had control over the trial design, data analysis, and/or 
publication. These requirements for publication ethics 
were adopted as policy on 11 May 2001, and will be included 
in the next publication of the Uniform Requirements for 
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Manuscripts Submitted to Biomedical Journals — a document to 
which we are all signatories. The revised section on 
‘Potential Conflicts of Interest Related to Project 
Support’ is quoted here. 

Increasingly, biomedical studies receive funding from com- 
mercial firms, private foundations, and government. The 
conditions of this funding bave the potential to bias and otherwise 
discredit the research. 

Scientists have an ethical obligation to submit creditable 
research results for publication. As the persons directly responsible 
for their work, researchers therefore should not enter into 
agreements that interfere with their access to the data or their 
ability to analyse the data independently, to prepare MMANUSCTIPTS, 
and to publish them. Authors should describe the role of the study 
Sponsor(s), if any, in study design; in the collection, analysis, and 
interpretation of data; in the writing of the report; and in the 
decision to submit the report for publication. If the supporting 
source had no such involvement, the authors should so state. Biases 
potentially introduced when sponsors are directly involved in 
research are analogous to methodological biases of other sorts: 
some journals therefore choose to include information about the 
sponsor's involvement in the methods section of the published 
paper. 

If a study is funded by an agency with a proprietary or financial 
interest in the outcome, editors may ask authors to sigon a statement 
such as, ‘I had full access to all of the data in this study and I take 
complete responsibility for the integrity of the data and the 
accuracy of the data analysis’. Editors should be encouraged to 
review copies of the protocol and/or contracts associated with 
project-specific studies before accepting such studies for publication. 
Editors may choose not te consider an article if a sponsor has 
asserted control over tke authors’ right to publish.’ 

We, the undersigned surgical journal editors, support 
these revised guidelines and, as appropriate, will request 
authors of reports on clinical or basic research trials of 
devices and drugs to disclose details of the relative roles of 
the investigators and the sponsors in the conduct of the trial, 
the data collection and analysis, and preparation of the 
submitted manuscript. We may also ask the responsible 
author to sign a statement that he or she accepts full 
responsibility for the conduct of the trial, the validity of the 
data and its analysis, and the writing of the submitted 
manuscript. 
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Background: There is growing interest in the role of matrix metalloproteinases in atherosclerosis. 
Excessive tissue remodelling and increased matrix metalloproteinase activity have been demonstrated 
during atherosclerotic plaque disruption, a frequent predeterminant of ischaemic cardiac events and 
stroke. These enzymes represent a potential target for therapeutic intervention to modify vascular 
pathology. 

Methods: The core of this review is derived from a Medline database literature search. 

Results: There is convincing evidence of increased matrix metalloproteinase activity during acute 
plaque disruption. Evidence for an imbalance promoting increased matrix degradation is less well 
documented. However, studies of matrix metalloproteinase inhibition in models of vascular disease 
suggest a potential therapeutic benefit. 

Conclusion: I» vivo studies of matrix metalloproteinase inhibition are required to study the potential 


for reversal or deceleration of the excessive tissue remodelling that accompanies acute plaque 


disruption. 


Paper accepted 4 February 2002 


introduction 


Atherosclerosis continues to cause considerable morbidity 


and mortality, particularly in the western world, While risk 
factors have been clearly identified, their precise roles in 
early atherogenesis are complex. Early plaque development 
is dependent on interactions between damaged endothelial 
cells, smooth muscle cells and circulating inflammatory 
cells by the release of cytokines, growth factors and cell 
adhesion molecules, Atherogenesis may represent a cell- 
mediated immune phenomenon, although shear stress and 
How changes also have a role. Excessive connective tissue 
remodelling may lead to plaque instability and acute 
disruption of the plaque surface exposes the thrombogenic 
core to luminal blood flow. 

Connective tissue integrity depends ona balance between 
degradation and repair of the extracellular matrix. The 
activity of proteolytic enzymes is the rate-limiting step in 
extracellular matrix degradation’. It is now well established 
that, among numerous other proteinases, the matrix 
metalloproteinases (MMPs) play the major role in the 
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degradation of collagen and other extracellular matrix 
macromolecules. Expressed at low levels in normal adult 
tissue, MMPs are upregulated in normal and pathological 
remodelling processes. MMPs are intimately involved in 
processes such as wound healing’, but there is growing 
interest in a role in disease states in which extracellular 
matrix breakdown is a dominant feature. Early interest 
focused on a pathological role for MMPs in the resorption 
of periodontal structures in periodontal disease’, the 
destruction of joints in rheumatoid arthritis* and the loca! 
invasive behaviour of malignancies’. This has led to the 
development of specific inhibitors, some of which are 
currently being assessed in clinical trials®. 

The recognition that the balance of MMPs and their 
inhibitors controls the extracellular matrix has led to 
considerable interest in the pathological effect of MMPs 
in vascular disease states, in which tissue remodelling plays 
an important role. The atherosclerotic plaque is a dynamic 
structure, undergoing continuous remodelling of the 
extracellular matrix upon which its structural integrity 
depends. Acute changes within the plaque, such as 
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intraplaque haemorrhage, cap rupture and cap ulceration, 
are often preludes to the onset of clinically important 
ischaemic events (Fig. 1) . Each phase of the atherosclerotic 


process 1s mediated, at least in part, by MMPs“. 


The matrix metalloproteinase family 


The MMPs are members of a family of proteinases 
characterized by tight binding of zine ions to their active 
sites. There are more than 20 members of the family which, 
while exhibiting structural homology, are each the product 


ofa different gene. All members of the MMP family degrade 





Fig. 1 Carotid plaque retrieved at carotid endarterectomy from a 
symptomatic patient, showing acute disruption of its surface, 


exposing the highly thrombogenic core 


Table 1 Major matrix metalloproteinase subtypes and their substrates 


Enzyme 
Collagenases 
MMP-1 Interstitial collagenase 
MMP-8 Neutrophil collagenase 
MMP-13 Collagenase-3 
MMP-18 Xenopus collagenase 
Gelatinases 
MMP-2 Gelatinase A (72-kDa gelatinase) 
MMP-9 Geiatinase B (92-kDa gelatinase) 
Strometysins 
MMP-3 Stromelysin-1 
MMP-10 Stromelysin-2 
MMP-11 Stromelysin-3 
Membrane type 
MMP-14 MT1-MMP 
MMP-15 MT2-MMP MMP-2, gelatin 
MMP-16 MT3-MMP MMP-2 
MMP-17 MT4-MMP 
Others 
MMP-7 Matrilysin 
MMP-12 Macrophage metalloelastase 


one or more components of the extracellular matrix. They 
are secreted as latent proenzyme forms that require 
activation for proteolysis, 

The MMPs have been divided into four major classes 
based broadly on substrate specificity: collagenases (MMP- 
I, MMP-8, MMP-13 and MMP-18), gelatinases (MMP-2 
and MMP-9), stromelysins (MMP-3, MMP-10, MMP-11, 
VIMP-19 and MMP-20) and membrane-type (MT) MMPs 
(MMP-14, MMP-15, MMP-16 and MMP-17) (Table 1). 
Many are now recognized to have broad and overlapping 
substrate specificities. 

Each member of the MMP family has a five-domain 
structure, with 70 per cent similarity between members of 
the same group and 50 per cent similarity between members 
of different groups (Fig. 2)’. The first (signal) domain is 
essential for secretion of the peptide from the cell. The 
propeptide domain incorporates the ‘cysteine switch’ 
mechanism, essential for maintenance of the zymogen 
form'’. The catalytic domain forms the catalytic zinc- 
binding site''. The hinge region is a small proline-rich 
domain thought to allow folding of the C-terminal domain 
on to the catalytic domain, while the function of the final 
domain is unclear. 

MMP genes also show a highly conserved modular 
structure. All collagenase and stromelysin genes are located 
in a gene cluster on the long arm of chromosome 11, with 
the exception of MMP-11, which has been mapped to 
chromosome 22'-. The MMP-2 and MMP-9 genes reside, 


respectively, on chromosomes 16 and 20, whereas the MT- 


Principal known substrates 


Collagens |, 1l, Ili, Vil, Vill and X, gelatin, aggrecan, MMP-2, MMP-9 
Collagens |, Il, Ill, V, Vil, Vill and X, gelatin, aggrecan 
Collagens |, Il, lil and IV, gelatin, aggrecan, PAI-2 


Gelatin, collagen types |, IV, V, VII, X, XI and XIV, elastin, fibronectin, aggrecan 

Gelatin, collagen types IV, V, VII and X, elastin 

Collagens Ill, IV, IX and X, gelatin, aggrecan, MMP-1, MMP-7, MMP-8, MMP-9 and MMP-13 
Collagens lil, IV and V, gelatin, casein, MMP-1, MMP-8 


Collagens |,!i and Ill, gelatin, MMP-2 and MMP-13 


Collagens IV and X, gelatin, fibronectin 
Collagen IV, gelatin, elastin, fibronectin 


MMP, matrix metalloproteinase; PAIL, plasminogen activator inhibitor; MT, membrane type 
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MMP-1 gene is situated on chromosome 14'*. Comparison 
of the MMP genes has revealed a high degree of sequence 
homology. 

MMPs are expressed in normal tissues, especially MMP- 
2, although MMP-2 expression is limited to stromal cells!*. 
MMP-9 is actively expressed by haematopoietic cells!" 
while MMP-7 is found in the glandular epithelial cells of the 
gastrointestinal tract and endometrium'®. MMP-7 is also 
expressed by neoplastic cells'’, along with MT-MMPs on 
the tumour cell membrane’*. Most work on tumour tissue 
has shown that stromal cells rather than tumour cells 
predominantly express gelatinases and stromelysins!”. 


Control of matrix metalloproteinase activity 


MMP activity is tightly regulated at both intracellular and 
extracellular levels. Growth factors, cytokines, hormones 
and tumour promoters regulate MMP expression at the 
transcriptional level. Interleukin (IL) 1, platelet-derived 
growth factor and tumour necrosis factor (TNF) o have all 
been shown to have a stimulatory effect, while heparin, 
transforming growth factor (TGF) B and corticosteroids 
have an inhibitory effect. However, although different cell 
types possess the same promoters, considerable variation 
exists in the response to cytokine stimulation. 
Extracellular activation of the latent proenzymes repre- 
sents the second level of control. This is a crucial step in 
terms of their biological behaviour in disease states, as 
activation may tip the balance in favour of matrix 
degradation. The major physiological activator of MMPs 
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is plasmin. The binding and activation of urokinase 
plasminogen activator (uPA) on the cell surface receptor is 
thought to localize proteolytic activity to the leading edge 
of the cell”. uPA is expressed by a variety of cells intima- 
tely involved in processes of tissue remodelling, in 
particular monocytes and macrophages, and inhibition of 
uPA in vitro prevents matrix degradation*'. Smooth muscle 
cells and endothelial cells are also recognized to express 
uPA. 

The subsequent stages of activation form a positive 
feedback loop, whereby plasmin activates MMP-1, MMP-3 
and MMP-9 directly, active MMP-3 further activates 
MMP-1, and active MMP-1 cleaves pro-MMP-9*. 
Plasminogen activator inhibitor has an inhibitory effect 
on uPA, downregulating the activation cascade, and the 
balance between the two may be important in determining 
the overall level of proteolytic activity (Fig. 3)”. 

MMP-2 has proven resistant to activation in vitro by 
extracellular proteases, but cell membrane fractions of 
tumour cells were found to activate pro-MMP-2 by a 
mechanism sensitive to tissue inhibitors of matrix metallo- 
proteinases (TIMPs). The major physiological activator 
of MMP-2 is now recognized as a member of the MT-MMP 
family, integral cell membrane receptors of which four types 
have been cloned to date’®. Both MMP-2 and MMP-9 
activity is modulated by reactive oxygen species produced 
by macrophage-derived foam cells. There is an increase in 
the steady-state levels of reactive oxygen species ina number 
of disease states including atherosclerosis**, and this may 
directly increase MMP activation in plaques. 
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Fig. 2 Five-domain structure of the matrix metalloproteinase protein 
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Fig. 3 Proposed interaction of various matrix metalloproteinases (MMPs) that results in a cascade of activation and matrix degradation, 
tightly controlled by tissue inhibitors. MT, membrane type; TIMP, tissue inhibitor of MMP; uPA, urokinase plasminogen activator 


Action of tissue inhibitors of matrix 
metalloproteinases 


A further level of control of MMP activity involves the 
binding of active MMPs to TIMPs. At least four in number, 
although structurally similar, the TIMPs share only 37-42 
per cent amino acid identity, but are to an extent 
interchangeable in their ability to inhibit MMPs. The 
TIMPs inhibit MMPs by binding irrev ersibly to the active 
form of the enzyme ina 1 : 1 molar ratio®’. A more complex 
interaction exists between MMP-2 and TIMP-2, and 
TIMP-1 and MMP-9??"°. Overall proteolytic activity 
depends on the relative concentrations of the active 
enzymes and their inhibitors. 


Role of matrix metalloproteinases in atherosclerosis 


MMPs may be involved in the early stages of plaque 
development. Monocyte adherence to the vessel wall is one 
of the earliest events in atherogenesis. On reaching the 
subintimal space, complex cell-cell interactions occur with 
the release of cytokines and growth factors. Plaque 
formation occurs as the result of cellular migration and 
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proliferation accompanied by an accumulation of extra- 
cellular matrix. MMP-2-dependent basement membrane 
degradation promotes vascular smooth muscle cell migra- 
tion in early plaque development. Ina study by Pauly et al?’ 
isolated rat vascular smooth muscle cells cultured on a gel of 
reconstituted basement membrane proteins secreted 
MMP-2, which was activated to degrade the proteins. 
Antiserum against MMP-2 prevented migration through 
the basement membrane. Similar results have been 
observed in a rabbit model, although direct evidence of an 
association in the human is lacking?”. However, this appears 
to be the first limiting step in atherogenesis controlled, at 
least in part, by MMPs. 


Acute plaque disruption 


Perhaps more importantly, there is increasing evidence to 
suggest that MMPs are intricately involved in the destruc- 
tion of connective tissue before surface disruption and 
thromboembolism. Acute changes within the plaque, such 
as intraplaque haemorrhage, cap rupture and cap ulcera- 
tion, are preludes to the onset of clinically important 
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ischaemic events”. Previous studies have shown that the site 
of plaque rupture is characterized by an intense inflamma- 
tory infiltrate*”, consisting predominantly of macrophages, 
foam cells and T lymphocytes. It has been hypothesized that 
this inflammatory infiltration plays a key role in the 
destabilization of the plaque*’. The infiltrate within the 
plaque undergoes a period of activation at the time of acute 
coronary syndromes, and the associated release of proteo- 
lytic enzymes may lead to destabilization of the plaque”! 
However, the events leading up to this activation remain 
unclear. 

There is a clear association between oxidized low-density 
lipoprotein (LDL) levels and atherosclerosis, possibly 
through a proinflammatory action, as shown by a correla- 
tion between levels and severity of acute coronary 
syndromes and plaque macrophages**. Systemic changes 
in inflammatory markers have been reported including 
white blood cell count and C-reactive protein (CRP)?3"*, 
Furthermore, CRP may be involved in the uptake of LDLs 
by macrophages**. The serum levels of anti-inflammatory 
cytokine IL-10, a cytokine that may be involved in the 
regulation of MMP activity in ischaemic tissue*”, have been 
shown to be lower in patients with unstable angina”, The 
role of infectious agents, in particular Chlamydia pneumo- 
niae, is the subject of considerable debate and requires 
clarification’®. Other factors, including tissue factor and 
complement, may also play a part in plaque instability? t, 


Role of matrix metalloproteinases 


Early work by Vine and Powell*! demonstrated an increase 
in gelatinase activity in occlusive aortic disease compared 
with control tissue. Zymography suggested that this was 
predominantly due to MMP-9. They also demonstrated 
collagenase and stromelysin activity in similar tissue, 
although this was not quantified. Henney et al.” demon- 
strated the presence of MMP-3 messenger RNA (mRNA) in 
human coronary atheroma by in situ hybridization, localized 
to macrophages in the shoulder of the plaque. 
Subsequently Galis et a4.” studied the expression of a 
variety of MMPs in human atherosclerotic plaques, and 
used 77 situ zymography to assess ma trix-degrading activity. 
In non-diseased arterial tissue, smooth muscle cells 
expressed MMP-2 as well as TIMP-1 and TIMP-2. In 
contrast, atherosclerotic lesions showed immunoreactivity 
for MMP-1, MMP-2, MMP-3 and MMP-9 as well as the 
TIMPs; MMP-1, MMP-3 and MMP-9 were localized to 
macrophages, lymphocytes, smooth muscle cells and 
endothelial cells within the fibrous cap and shoulder of 
the plaque. Jv situ zymography demonstrated gelatinolytic 
and caseinolytic activity within the same areas, suggesting a 
potential role for MMPs in plaque matrix degradation. The 


British Journal of Surgery 2002, 89, 680-694 www. bjs.co.uk 


levels and expression of the enzymes were not quantified in 
this study. Further work on MMP-1 in carotid plaques 
retrieved at endarterectomy demonstrated that expression 
was predominantly by macrophages in the cap and shoulder 
regions“. A strong correlation was shown between the 
percentage of lipid core staining for MMP-1 and the 
percentage of core occupied by haemorrhage. This 
represented the first attempt to relate MMP production 
with features of plaque instability. 

Brown and co-workers” investigated the role of MMP-9 
in acute coronary ischaemia. They performed immunos- 
taining for MMP-9 on atherectomy specimens retrieved 
from 12 patients with unstable angina and compared them 
with those from a similar cohort with stable angina. Positive 
staining for MMP-9 was demonstrated in 85 per cent of 
both groups. However, intracellular staining, predomi- 
nantly in macrophages, was seen in all of those in the 
unstable angina group compared with three of ten in the 
stable group. Macrophages do not store MMP-9*, so this 
provided evidence of active enzyme synthesis in unstable 
plaque. The study involved small numbers and failed to 
provide detailed histological evidence of instability, MMP 
activity or TIMP levels. However, the results were 
supported by McMillan and co-workers*’, who demon- 
strated higher mRNA levels for MMP-9 in atherosclerotic 
aortic tissue compared with controls. Thompson and 
colleagues** provided some of the first quantitative data 
regarding MMP-9 in aortic tissue, using enzyme-linked 
immunosorbent assay (ELISA) to demonstrate a sixfold 
increase in MMP-9 levels in occlusive disease. TIMP-] 
levels were similar to those in controls, suggesting an 
imbalance between enzyme and inhibitor levels, 

There has been similar interest in the involvement of 
MMP-2 in more mature atherosclerotic lesions. Li and 
colleagues?” described an increase in the level and expres- 
sion of MMP-2 in human atherosclerotic aortic tissue 
compared with non-diseased tissue. They demonstrated 
increased MMP-2 activity and co-localized this to areas of 
macrophage infiltration. This study was limited by the 
sample size of only 12 individuals, collected from autopsies 
of young trauma victims with no history of cardiovascular 
disease. In a further study, Davis et al’? demonstrated 
significantly higher levels of MMP-9 in atherosclerotic 
tissue compared with controls, but MMP-2 levels lower 
than those in aneurysmal tissue. 

More recent work has clearly demonstrated an increase in 
the level and expression of MMP-9 in unstable carotid 
plaques based on symptomatology, spontaneous emboliza- 
tion and histological evidence of instability’. In a 
consecutive series of 75 patients undergoing carotid 
endarterectomy, the plaque level of MMP-9 was found to 
be four times higher in patients with recent symptoms. 
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Lipid-rich core of 
the plaque 


Fig. 4 In situ hybridization of matrix metalloproteinase (MMP) 9 
messenger RNA (mRNA) in a plaque from a symptomatic 
patient, demonstrating intense expression of MMP-9 
(predominantly by macrophages) in its shoulder and cap 
(original magnification X 50) 


There was a significant increase in MMP-9 levels in plaques 
shown to be spontaneously embolizing before operation 
and plaques with histological features of acute disruption. 
Expression was predominantly by macrophages in the 
vulnerable regions of the plaque (Fig. 4). There were no 
differences in TIMP-1 levels and a significant increase in 
the ratio of MMP-9 to TIMP-1, suggesting an imbalance 
between proteolysis and inhibition. 

Since the discovery of MT1-MMP and its role in the 
activation of MMP-2, the expression and activity of MT1- 
MMP has been studied in atherosclerotic plaques**. In 
normal vessels MT1-MMP expression was detected in 
medial smooth muscle cells and to a lesser extent in the 
adventitia. In atheroma MT 1-MMP expression was found 
to co-localize with macrophages and smooth muscle cells. 
Cultured smooth muscle cells and macrophages were 
exposed to proinflammatory cytokines [L-la and TNF-a 
plus oxidized LDL. TNF-« stimulated a 3-8-fold increase 
in macrophage expression of MT1-MMP within 6 h, while 
IL-la, TNF-a and oxidized LDL exposure produced a 
twofold to fourfold increase in expression and protein level 
by cultured smooth muscle cells. This suggested that 
cytokines may upregulate plaque macrophage and smooth 
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muscle cell MT1-MMP expression, influencing the activa- 
tion of MMP-2 and matrix remodelling. However, no 
evidence was provided of a quantitative increase in MMP-2 
level or activity and, while the response to cytokines in vitro 
was clear, the situation within the plaque ¿n vivo is probably 
more complex. 

Halpert et a/.°* have demonstrated expression of MMP-7 
and MMP-12 in carotid plaques retrieved at endarterect- 
omy. Other members of the MMP family identified within 
atherosclerotic tissue include MMP-3°+°°, MMP-8°°?’, 
MMP-12°*°? and MMP-13°". The individual contribution 
of these enzymes towards plaque destabilization requires 
further clarification. Pregnancy-associated plasma protein 
A, another metalloproteinase that may be proatherogenic, 
has recently been demonstrated in unstable coronary 
plaques®'. 

Neovascularization within the plaque may play a role in 
promoting destabilization“. The growth of capillaries 
during angiogenesis is influenced by MMP activity. 
Interactions between integrins and MMPs may control 
angiogenesis”. In particular, o(V)/B3 and B1 integrins, 
cell-surface extracellular matrix receptors, have been shown 
to play a key role in the activation pathway of MMP-2“*. 
Furthermore, «(V)/B3 integrin stimulates smooth muscle 
cell MMP production®’ and their co-expression has been 
correlated with the progression of tumours””. 

Another group of enzymes with the potential to induce 
plaque disruption is the A disintegrin and metallopro- 
teinase (ADAM) family, which comprise a metallo- 
proteinase domain and an integrin-binding domain. One 
such enzyme is TNF-converting enzyme, which processes 
the inflammatory cytokine TNF-a and so may be integrally 
involved in the plaque inflammatory process®’. More 
recently, the disintegrin and metalloproteinase with throm- 
bospondin motifs (ADAMTS) family of enzymes has been 
described, which has also been implicated in angiogenesis”. 

The mediators of communication between the various 
cell types involved in atherosclerosis are poorly understood, 
although there has been interest in the role of the CD40 
immune mediator and its ligand CD40L. CD40L-positive 
T cells have been identified in human plaques and, in vitro, 
CD40/CD40L interaction induces the production of 
proinflammatory cytokines, adhesion molecules and pro- 
teolytic enzymes®”’'. More recently, blocking this inter- 
action has been shown to limit atherosclerosis in vivo? anda 
role in plaque instability has been suggested. 


Evidence of an imbalance towards increased 
proteolysis in atherosclerosis 


The mere presence and expression of MMPs within plaque 
does not necessarily confer an increased risk of plaque 
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instability. However, an increase in proteolytic activity, or 
an imbalance between the levels of enzymes and their 
inhibitors, may lead to an overall increase in matrix 
degradation. Difficulty had arisen in investigating this 
concept, since the preparation of tissue extracts in which 
MIMPs are separated from their substrate and inhibitors 
before assay activates the gelatinases, preventing a true 
assessment of the iv vivo state™’. 

Knox and co-workers’? provided some evidence of an 
imbalance between MMPs and TIMPs using in situ 
zymography to identify a net increase in proteolytic activity 
in excess of endogenous inhibition, and comparing athero- 
sclerotic aortic tissue with normal control aortas. This 
process, which is semiquantitative, involved the incubation 
of frozen tissue sections with fluorescently labelled sub- 
strate, areas of proteolysis appearing as dark lytic zones, On 
immunohistochemistry, atherosclerotic aorta demon- 
strated a marked increase in staining for MMP-1 and 
MMP-3, plus a smaller increase in TIMP-1. MMP-2 was 
also increased in the absence of an increase in TIMP-2. 
Normal ussue failed to exhibit proteolytic activity, but 
atherosclerotic tissue demonstrated gelatinolytic and case- 
inolytic activity on the luminal aspect. 

Overexpression of TIMPs may well provide protection 
against plaque instability. In contradiction to the imbalance 
theory, TIMP-3 expression has been shown to be fivefold 
higher in plaques compared with non-diseased tissue’. Co- 
localized predominantly to macrophages, the most intense 
expression was identified in the vulnerable areas of the 
plaque, namely the cap and shoulder. More work is required 
to study the specific role of TIMP-3°°. 

Cholesterol-fed animals developed atherosclerotic 
lesions that exhibited a twofold to threefold increase in 
TEMP-1 and TIMP-2 levels expressed by endothelial cells, 
smooth muscle cells and macrophages”. In situ zymogra- 
phy demonstrated excess MMP activity but in the areas of 
increased TIMP production this was less apparent. 
Conversely, increased TIMP-1 levels in mice have been 
shown to reduce plaque development’*. Apolipoprotein E- 
deficient mice, which develop accelerated atherosclerosis, 
subjected to adenovirus-mediated overexpression of 
TIMP-1, demonstrated a significant decrease in the size 
of lesions despite identical lipid and lipoprotein profiles. 
There was also a significant decrease in macrophage 
infiltration, and MMP-2, MMP-3 and MMP-13 levels. 
Dietary lipid lowering has also been shown to reduce MMP- 
l activity and macrophage infiltration in the aortas of 
rabbits”. Aikawa et a/.°° demonstrated a decrease in activity 
of MMP-2, MMP-3 and MMP-9 in tandem with an increase 
in the collagen content of the vessel wall and increased 
accumulation of mature smooth muscle cells. 
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More recently, attempts have been made to associate 
increased proteolysis with evidence of plaque instability. 
Sukhova and co-workers"! demonstrated significantly 
higher levels of MMP-1 and MMP-13 in atheromatous 
plaques compared with fibrous lesions, and co-localization 
of collagenase-cleaved collagen with macrophages expres- 
sing MMP-1 and MMP-13, loss of type I collagen and 
increased collagenolysis. MMP-1 and MMP-13, the inter- 
stitial collagenases, are required for the initial step in 
collagen degradation®’. The ratio of MMP-9 to TIMP-1 is 
significantly higher in carotid plaques retrieved at endarter- 
ectomy from highly symptomatic patients, plaques with 
histological evidence of instability and those undergoing 
spontaneous embolization’! . 


Systemic changes in matrix metalloproteinase levels 


A systemic predictor of vulnerable plaques would enable 
preventative intervention to be targeted at those most at risk 
of ischaemic events. A number of systemic factors have been 
investigated, in particular CRP, IL-6 and TNF-o*?, There 
are a few studies on systemic changes in MMP level in 
atherosclerosis. In the first such study, blood levels of 
MMP-2 and MMP-9 were measured using ELISA in 33 
patients with acute coronary syndromes, 17 with stable 
angina and 17 normal control subjects**. The level of 
MMP-2 in patients with stable angina was only slightly 
raised compared with that in controls, but patients with 
acute coronary syndromes had twofold higher levels. This 
increase was sustained for 7 days after treatment. The level 
of MMP-9 was increased only in those with acute coronary 
syndromes, twofold in myocardial infarction and threefold 
in unstable angina; the increase was sustained for up to 
3 days and returned to control levels by day 7. 

Work in patients undergoing carotid endarterectomy has 
detected a significant increase in circulating MMP-9 levels 
in those with evidence of ongoing spontaneous particulate 
embolization”. This systemic increase may relate to 
atherosclerotic inflammation or the degree of cerebral 
injury. Cerebral injury in animals is associated with 
increased MMP expression and recently similar evidence 
has been provided in human cardioembolic stroke®®. White 
matter damage in vascular dementia is also associated with 
increased MMP activity’. Serial changes in blood enzyme 
levels may be useful in determining patients at risk. They are 
particularly interesting given the localized nature of plaque 
destabilization. 


Genetic factors 
It is clear that certain individuals have a susceptibility 


toward plaque destabilization. As discussed above, MMP 
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expression is regulated primarily at the transcriptional level; 
MMP gene promoters respond differently to a variety of 
regulators, such as TNF-a. Sequence variations in the 
promoter regions may give rise to different levels of 
expression and so influence the degree of extracellular 
matrix degradation. This has led to considerable interest in 
the study of such genetic variations, since they may increase 
susceptibility to the development and complications of 
atherosclerosis. 

Ye and colleagues®® detected a common polymorphism in 
the MMP-3 promoter region in which one allele sequence 
had five adenosines (SA) and the other had six adenosines 
(6A). Work mm vitro showed that the 5A allele had a twofold 
higher promoter activity than the 6A allele, and so may lead 
to less extracellular matrix accumulation and tip the balance 
in favour of degradation”. Subsequently, Terashima and 
co-workers” studied the link between the 5A/6A poly- 
morphism and acute myocardial infarction by conducting a 
case-control study of 330 patients with myocardial infarc- 
tion and 330 control subjects. They demonstrated that the 
prevalence of the 5A/6A and 5A/5A genotype was 
significantly greater in patients with a myocardial infarction 
than in the control population (449 and 33 per cent 
respectively; P < 0-001). This was independent of all other 
cardiovascular risk factors, suggesting a possible genetic 
susceptibility to plaque rupture. A genetic variation in the 
IL-6 gene promoter has been identified which, in combina- 
tion with the 5A/6A polymorphism, increased the degree of 
intima—media thickening at the carotid bifurcation”’. 

A polymorphism has been detected in the MMP-9 gene 
promoter region, arising from a cytosine to thymidine 
transition”. The thymidine allele has a higher promoter 
activity than the cytosine allele. Genotype studies of 584 
men after myocardial infarction showed a significant 
increase in the frequency of the thymidine allele in those 
with angiographic coronary artery stenosis of more than 50 
per cent diameter. To date, no association has been 
identified with features of plaque instability. 

More recently, a number of genetic variations have been 
described in the MMP-2 gene”. One variant in the 
promoter region demonstrated a dramatically lower pro- 
moter activity. The frequency of this polymorphism in 
patients with vascular disease is yet to be published. 


Matrix metalloproteinase Inhibition 


Most of the work on MMP inhibition has been in the fields 
of arthritis, periodontal disease and cancer®. In vascular 
disease, most studies have been performed to investigate the 
effect on intimal hyperplasia and aneurysm formation. 
However, they provide useful evidence of the effect of 
targeted MMP inhibition in vascular tissue. The hypothesis 
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behind MMP inhibition is twofold; first, that cellular 
migration is MMP dependent, inhibition trapping the cell 
in its matrix surround, and, second, that an imbalance 
between enzymes and inhibitors leads to excessive tissue 
degradation as noted in unstable plaques. Inhibition may 
redress the balance back in favour of matrix accumulation. 
Potential methods of inhibition include increasing TIMP 
levels, administration of inhibitors of MMP activity and 
reducing MMP production. 


Tissue inhibitors of matrix metalloproteinases 


TIMP levels could be increased by the exogenous admin- 
istration of recombinant TIMPs or stimulating increased 
expression through gene therapy. Work on TIMPs has been 
restricted to animal models and in vitro culture of human 
vascular cells, predominantly investigating beneficial effects 
in terms of reducing intimal hyperplasia™* and aneurysm 
development”. Increased levels of TIMP-1 in mice have 
been shown to reduce the development of atherosclerotic 
lesions’®. Also in an animal model adenovirus-mediated 
overexpression of TIMP-1 led to a significant decrease in 
the size of atheromatous lesions despite identical lipid and 
lipoprotein profiles’®. More recently, local gene transfer of 
TIMP-2 in a mouse vein graft model decreased vascular 
remodelling in tandem with a decrease in MMP activity”. 

There are a number of potential problems in extrapolat- 
ing these data to the human situation. Tissue delivery of 
TIMPs poses a major drawback, since exogenous products 
would be metabolized and denatured with minimal tissue 
penetration at the intended site of action. Treatment would 
have to be in the form of local tissue delivery or gene 
therapy. 


Synthetic mhibitors 


A number of synthetic inhibitors have been investigated, in 
particular specific synthetic peptides, tetracycline-based 
antibiotics and anthracyclines. Synthetic peptides are 
largely analogues of the cleavage site in the collagen 
molecule with a metal-binding group in the position of 
the cleaved peptide bond. The metal-binding grap binds 
to the zinc atom at the active site of the MMP”. 

One of the first synthetic peptides was batimastat, which 
has a broad-spectrum inhibitory action against the MMPs 
via a direct toxic action. This showed promising results in 
prevention of tumour development and metastasis in animal 
models”, and in limiting aneurysm expansion in experi- 
mental models”. Batimastat has been tested in clinical 
trials, although its long-term use is precluded by its lack of 
oral bioavailability’. 
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Marimastat is a second-generation inhibitor with a 
similar structure and mode of action to batimastat. Unlike 
batimastat, marimastat is active orally®. Preliminary results 
in cancer were promising, although concerns were raised 
about significant musculoskeletal side-effects in 30 per cent 
of patients'’’. Marimastat has been studied in human 
experimental models of intimal hyperplasia and aneurysms 
with encouraging results ? 10, 

Concern about the long-term use of such compounds in 
view of their relatively broad spectrum of activity and 
potential side-effects has led to the development of more 
specific inhibitors™™, including orally acting specific 
inhibitors of MMP-2 and MMP-9!°*. Results of their use, 
and other specific synthetic inhibitors, in models of vascular 
disease are awaited with interest. 


Tetracyclines 


Doxycycline is a member of the tetracycline antibiotic 
family that, apart from its antibacterial action, is also a 
potent non-selective MMP inhibitor. Its main mode of 
action is through binding to the active zinc site, althou gh it 
also binds to a non-active calcium site resulting in 
conformational change in the enzyme structure with loss 
of activity!”’. It may also suppress MMP expression!”®, 
Coupled with their low cost, clinical availability and good 
safety profile, the tetracyclines are an attractive option in 
studies of MMP inhibition. 

Most work in clinical trials has been in the field of 
periodontal disease, where doxycycline therapy has led to 
clinical improvement associated with a reduction in 
collagenase activity’’’. In patients with osteoarthritis, oral 
administration of doxycycline before hip surgery reduced 
cartilage collagenase and gelatinase activity? ®®, Doxyeycline 
treatment leads to a reduction in MMP-1 and MMP-13 
production, possibly through a regulatory effect on 
cytokine and cytokine receptor synthesis!”’. It has also 
been shown to reduce malignant cell proliferation and 
MMP-1 activity in a canine model of osteosarcoma!!”. 

In vitro, doxycycline prevents intimal hyperplasia in an 
established human vein culture model, by inhibition of 
MMP activity'’!. It also prevents aneurysmal degeneration 
in the elastase-induced rat model of abdominal aortic 
aneurysm, Causing elastin preservation associated with 
reduced MMP-9 activity''’. Similar results have been 
obtained using chemically modified tetracyclines without 
antibiotic activity, compounds that may prove to have even 
fewer side-effects than doxycycline and with no potential for 
encouraging bacterial resistance in long-term use! |}, 

Intravenous tetracycline given to patients before aneur- 
ysm surgery rapidly penetrated the arterial wall''*. More 
importantly, patients who received treatment with oral low- 
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dose doxycycline for 7 days before operation exhibited a 
threefold reduction in the aortic wall expression of MMP-2 
and a fourfold reduction in expression of MMP-9!"5, On the 
basis of these results the authors called for a prospective 
randomized controlled trial to assess the effect of lon g-term 
treatment on the expansion of small aneurysms. 

The results of a current randomized clinical trial of 
doxycycline versus placebo in patients undergoing carotid 
endarterectomy are awaited, but large-scale randomized 
trials will be required to investigate the full potential benefit 
of doxycycline in atherosclerosis. 


Other inhibitory agents 


MMP expression is downregulated by TGF-B, retinoids 
and corticosteroids. However, én vivo their practical use is 
limited and the results obtained variable. For example, 
heparin reduces expression of MMP-3 and MMP-9, but 
neither eliminates activity nor prevents atherosclerosis". 
The alternative approach via application of antisense 
oligonucleotides to the MMP genes is possible, but clinical 
application awaits more detailed study of the potential 
effects, both beneficial and harmful. 

Another possible method of interrupting the MMP 
pathway is to target the inflammatory response. One 
specific target is prostaglandin Es, which regulates the 
expression of MMP-9. Prostaglandin E; has adverse effects 
on smooth muscle cell viability and cytokine secretion 
m vitro, and indomethacin has been shown to reduce 
cytokine release and prostaglandin production in aortic 
explants''®. Indomethacin, by reducing the synthesis of 
prostaglandin E3, also decreased the production of MMP-9 
in the rat'!’, A case-control study demonstrated a lower rate 
of aneurysm growth in patients taking non-steroidal 
anti-inflammatory drags compared with controls, suggest- 
ing a potentially effective treatment for preventing aneur- 
ysm expansion''*. No such studies have been performed 
in patients with coronary or carotid atherosclerosis. 
Other non-steroidal drugs are known to modulate MMP 
activity, but their action in vivo requires detailed clinical 
study!!”, 


3-Hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors 

There has been considerable interest in the beneficial effect 
exerted by 3-hydroxy-3-methylglutary] coenzyme A (HMG 
CoA) reductase inhibitors in coronary and cerebrovascular 
disease'*°. The beneficial action of such inhibitors seems to 
be multifactorial, with lipid-lowering effects in addition to 
direct actions on vessel wall cell-cell interactions and MMP 
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production. This class of drugs offers the exciting potential 
for modification of matrix regulation in vascular disease. 

A prospective study in patients with a history of 
myocardial infarction and raised levels of LDL cholesterol 
treated with fluvastatin demonstrated a 32 per cent 
reduction in stroke risk’*!. Also, fluvastatin reduced the 
progression of angiographically determined coronary 
artery disease and improved event-free survival, compared 
with placebo treatment’?*, Similar encouraging results 
have been obtained with other members of the statin 
family t> !?*, High-resolution magnetic resonance imaging 
has demonstrated significant plaque regression after 
12 months of treatment with simvastatin'*’. Initially, 
statins were believed to act through their lipid-loweri 
ability, but the situation now seems to be more complex’?®. 
Two members of the group, fluvastatin and simvastatin, are 
known to inhibit smooth muscle cell migration and 
proliferation, independent of their lipid-lowering activ- 
ity'*’. It is likely that there exists a direct antiproliferative 
effect on the arterial wall!*®. fłuvastatin treatment in a rat 
model of intimal hyperplasia prevented neointima forma- 
tion in this way’??. 

In vtro work has shown that HMG CoA reductase 
inhibitors directly interfere with the adherence of mono- 
cytes to endothelmm by reducing the expression of 
monocyte cell surface receptors, again independent of 
their lipid-lowering effect’?°. This has also been shown in 
parallel with a downregulation in P-selectin expression on 
endothelial cells!?!. Moreover, both fluvastatin and simvas- 
tatin inhibit macrophage secretion of MMP-9 m vrro’? 
Simvastatin is also known to exert anti-inflammatory and 
cardioprotective effects in apolipoprotein-E-deficient 
ee ery 

Cerivastatin suppresses the growth of macrophages in 
rabbits'**, while fluvastatin and pravastatin reduce MMP-1, 
MMP-3 and MMP-9 expression in a similar model, with 
preservation of collagen'**. Pravastatin treatment before 
carotid endarterectomy reduces plaque lipid content, 
inflammation, MMP activity and cell death, in tandem 
with an increase in collagen content’*®. Statin treatment has 
been shown in two separate studies to confer a significant, 
and lipid-independent, reduction in CRP level associated 
with the severity of atherosclerosis?” 


Conclusion 


While many of the factors that predispose to the early 
development of atherosclerotic lesions have been identified, 


there remains an uncertainty why, after years of indolent 


growth, a plaque should suddenly undergo the acute 
changes that herald the onset of symptoms. There is 


mounting evidence associating increased levels and activity 
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of MMPs within plaques and plaque instability. There are 
also convincing data to suggest that an imbalance between 
MMP levels and their inhibitors may tip the equilibrmm 
from matrix accumulation towards matrix degradation. 
This localized increase has the potential to cause the acute 
plaque disruption that precedes the onset of both coronary 
and cerebral symptoms. MMPs represent an attractive 
target for pharmacotherapy to prevent plaque destabiliza- 
tion; a variety of pharmaceutical agents is known to inhibit 
MMP activity. Nevertheless, a true causal relationship will 
only be deduced from a formal randomized clinical trial of 
an MMP inhibitor in patients with significant carotid or 
coronary stenosis. 
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Baokgrounds Fibrin sealants have become popular in improving perioperative haemostasis and reducing 
the need for allogeneic red cell transfusion. 

Methode: A systematic review of randomized controlled trials was conducted to examine the efficacy of 
fibrin sealants in reducing perioperative blood loes and allogeneic red blood cell transfusion. Studies 
were identified by computer searches of Medline, Embase, Current Contents, the Cochrane Library, 
manufacturer websites (to January 2001), and bibliographic searches of published articles. Trials were 
eligible for inclusion if they involved adult elective surgery and reported quantitative data on blood losa, 
the proportion of patients exposed to allogeneic red cell transfusion and/or the volume of blood 
transfused. 

Results: Twelve trials met the criteria for inclusion. Fibrin sealants reduced the rate of allogeneic blood 
transfusion (relative risk 0-40 (95 per cent confidence interval (c.i) 0-26 to 0-61); five trials with 275 
subjects) and reduced blood loss (weighted mean difference ~151-68 (95 per cent ci — 251-91 to 
— 51-46) ml; seven trials with 391 subjects). Generally, the trials were small and of poor methodological 
quality. 

Conclusion: Overall the results suggest that fibrin sealants are efficacious. Owing to lack of blinding, 
transfusion practices may have been influenced by knowledge of the patient’s treatment status. ‘This 


raises concern about blood transfusion practice as a response variable. Large methodologically rigorous 
trials of fibrin sealants with clinical outcomes are needed. 
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Introduction 


Red blood cell transfusion is an extremely common medical 
intervention and, of all red blood cell units transfused, 
between 60 and 70 per cent are used in the surgical 
setting’*. Worldwide concern about the safety of trans- 
fused blood has prompted a reconsideration of the role of 
allogeneic blood transfusion (whole blood or packed red 
cells from an unrelated donor). Nevertheless, the evidence 
on the benefits, harms and costs of a range of techniques 
designed to minimize the use of this scarce resource needs to 
be examined critically, as some of the alternatives to 
allogeneic blood have their own risks and are expensive’. 

Fibrin sealants have been used in surgery for over 
20 years’. They generally contain two mayor components, 
fibrinogen (with or without factor XID and thrombin (plus 
calcium with or without antifibrinolytic drugs), which can 
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be applied to the wound surface sequentially or sımulta- 
neously, using single- or dual-syringe systems in a liquid or 
aerosolized form. Fibrin sealants mimic the final phase of 
the coagulation cascade through the activation of fibrino- 
gen by thrombin which, via a series of complex reactions, 
leads to the formation of a semirigid clot®. Recognition of 
their potential as haemostatic agents has seen their use 
expand across a range of surgical settings, including 
cardiovascular, orthopaedic, thoracic and orthodontic 


Reviews of fibrin sealants are abundant, but the majority 
are narrative texts that primarily provide information on 
scientific or technical aspects™?!*. To date, there has been 
no systematic review of fibrin sealants that uses the 
methodology established by the Cochrane Collabora- 
tion’. The purpose of the present work was to find, 
appraise and summarize the data from randomized con- 
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trolled trials that studied the impact of fibrin sealants on 
perioperative blood loss and allogeneic red blood cell 
transfusion in adult elective surgery. 


Methods 


The primary objective of this study was to determine 
whether fibrin sealant use in elective surgery decreases the 
proportion of adult patients who require perioperative 
allogeneic red ceil transfusion. Secondary analyses included 
the number of units transfused per patient, blood loss 
(assessed objectively), the frequency of reoperation owing 
to bleeding, the frequency of wound infection, wound 
dehiscence, thrombosis and death, and length of stay in 
hospital. 


Literature search and study selection 


This review was undertaken using the standard methodol- 
ogy for systematic reviews established by the Cochrane 
Collaboration’’, and represents one of a series of related 
reviews undertaken by the Cochrane Injuries Group'*!”, 
Databases searched were: Medline (1966 to January 2001), 
Embase (1980 to January 2001), Current Contents (1993 to 
January 2001) and the Cochrane Controlled Trials Register 
(Issue 1, 2001). These databases were searched initially 
using unrestricted search strategies, employing exploded 
MeSH terms and specific text-word terms for fibrin sealant. 
The exploded MeSH terms included: ‘fibrin tissue adhesive’ 
and ‘fibrin glue’. The specific text-word terms included: 
‘fibrin glueS’, ‘fibrin sealant$’, ‘fibrin seal$’, ‘biological 
glue$ or biological seal$.tw’, ‘beriplast’, ‘bolheal’, ‘tissucol’, 
‘tisseel’, “quixil’ and ‘biocol’, 

To restrict and improve the specificity of these searches, 
two search filters were used. First, a filter developed by the 
International Study of Perioperative Transfusion group’ 
was employed that identifies blood transfusion trials using 
the MeSH terms: ‘blood transfusion’, ‘hemorrhage’ and 
‘anesthesia’. This filter combines these MeSH terms with 
the text-word terms ‘transfusion$’, ‘bleed$’, ‘blood loss$’ 
and ‘haemerrhag$’. Second, a modified version of the 
Cochrane Collaboration filter?! was used to identify 
randomized controlled trials. These search filters were 
combined with the specified MeSH terms and the relevant 
text-word terms for fibrin sealant. In addition to these 
computer database searches, manufacturer websites were 
searched and experts in the field were contacted to identify 
relevant reports or projects in progress relevant to the 
review. The bibliographies of eligible trials, review articles 
and reports were searched for potentially relevant studies. 

Only randomized controlled trials that described the 
proportion of patients exposed to allogeneic red blood cells 
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and/or provided quantitative data on blood loss were 
included. Trials that provided only subjective assessment 
of blood loss (e.g. opinion expressed by the surgeon or 
anaesthetist) were not censidered for review. Studies were 
included if they were published in English, German, French 
or Italian. Duplicate publications, studies involving chil- 
dren (less than 18 years of age) and studies involving non- 
elective surgery were excluded. Only those studies that 
investigated the use of fibrin sealant delivered directly to the 
wound surface in either liquid or aerosolized form were 
considered. Trials that assessed bandages or pads impreg- 
nated with lyophilized fibrin sealant components were not 
considered. 


Data collection 


The primary outcome measures were the proportion of 
patients exposed to allogeneic blood transfusion, volume of 
blood transfused (expressed as units of blood) and blood loss 
(expressed in millilitres). Other outcome measures were 
frequency of reoperation for bleeding, any infection, wound 
infection, wound dehiscence, thrombosis, death and length 
of hospital stay. Data were stratified by the type of surgery, 
the type of fibrin sealant used and the presence of 
transfusion protocols. 

Studies that met the inclusion criteria were assessed for 
methodological quality by two independent raters. 
Disagreements were resolved by consensus. The methodo- 
logical quality was assessed using criteria proposed by 
Schulz et al.*’. The Schulz criteria contain questions about 
four items: double blinding, allocation concealment, 
participant inclusion/exelusion and methods used to 
achieve randomization. 


Data analysis 


Dichotomous data (proportions of patients transfused, with 
infection, with thrombosis, requiring reoperation for 
bleeding) and continuous data (mean units of blood 
transfused and mean volume of blood loss) were analysed 
using Review Manager 4.1 (MetaView 4.1)°*. If standard 
deviations or standard errors of means were not reported for 
continuous data the study was not included in the analysis. 
Data expressed in ml for the volume of blood transfused 
were converted to units by dividing by 300. Outcomes were 
expressed as pooled relative risks (RRs), risk differences or 
weighted mean differences (WMDs) (for continuous 
variables) using a random effects model. In the presence 
of heterogeneity the random effects model provides a more 
conservative interpretation of the effect size, as the 
calculated confidence intervals tend to be wider’*. The 
presence of heterogeneity of treatment effect was assessed 


©2002 Blackwell Science Lid 


P. A. Carless, D. M. Anthony and D. A. Henry ° Ues of fibrin sealant to minimize perioperative allogeneic blood transfusion 697 


using the Q statistic, which has an approximate y? 
distribution with degrees of freedom equal to the number 
of studies minus 17%, P < 0-1 was used to define statistically 


significant heterogeneity. 


Results 


The literature search identified 14 trials of fibrin sealant in 
adult elective surgery that reported information on the main 
outcomes of interest. Of these, 12 fulfilled the inclusion 
criteria. The two trials that were excluded?” ”° used actively 
treated (fibrin sealant) control groups. 


Characteristics of inchided studies 


The 12 trials included in the review*”*® recruited a total of 
624 patients of whom 291 were randomized to receive fibrin 
sealant (Table 1). The trials were small, with fewer than 50 
patients in each arm. The trials were conducted in Germany 
(n = 2), Denmark (n = 2), Japan (n = 2), France (n = 2), 
Taiwan (Republic of China) (# = 1), UK (2 = 1), USA 
(n = 1) and Israel (n = 1). Nine tials were published in 
English, two**?? in German and one in French*®. The non- 
English studies were translated before being included ın the 


The trials were heterogeneous in terms of surgical setting 
and type of fibrin sealant investigated (Table 1). The 
sealants varied markedly in composition. The fibrinogen 
content ranged from 29 to 115 mg/ml and the thrombin 
concentration ranged from 200 to 1000 units/ml. The use 
of antifibrinolytic agents also varied with the different 
agents studied. The aprotinin content ranged from 1000 to 
10 000 kallikrein inhibitor units per ml. The fibrin sealant 
Quixil™ (Omrix Biopharmaceuticals SA, Nes-Ziona, Israel) 
contained tranexamic acid 95 mg/ml as the antifibrinolytic 
agent. Where studies failed to provide product details, 
manufacturer websites were used to source information 
pertaining to fibrin sealant components. 


Methodological quality of studies 


Nine of the 12 trials were assessed for methodological 
quality by two raters. As the three non-English stu- 
dies?*>?8 could not be assessed adequately by two raters, 
they were excluded from the analysis of the reliability of 
quality assessment procedure. The inter-rater agreement 
for the assessment of methodological quality was generally 
good. For the four items of the Schulz criteria used to assess 
trial quality, the observed agreement was statistically 
significantly better than chance. Kappa scores ranged 
from 0-61 to 1-0, being lowest in the case of the items 
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measuring blinding (x = 0-61) and concealment of treat- 
ment allocation (x = 0-78). 

The methodological quality of the nine trials was poor. 
Full blinding of outcome assessment did not occur in any 
study, although partial blinding (single blinding) was 
reported in one tnial’. Six of the nine trials failed to report 
the method used to generate allocation sequences (rando- 
mization process). Of those trials that described’ the 
concealment of treatment allocation, one reported using 
central randomization?’ and two reported using randomi- 
zation codes placed in sealed envelopes?’™” t. The latter 
method has the potential to be unmasked, leading to 
selection bias in the inclusion of patients in trials’*. Follow- 
up appears to have been complete in all but two trials**”?, 
and even these reported only a small number of exclusions 
making differential withdrawal an unlikely source of bias. 
Because of the small number of trials no formal assessment 
of the relationship between trial quality and effect size was 
performed. 


Meta-analyses 

Exposure to allogeneic blood transfusion 

Five trials of various types of fibrin sealant reported data on 
perioperative exposure to allogeneic blood transfusion 
(Fig. 1). These trials evaluated a total of 275 patients, of 
whom 142 were randomized to fibrin sealant. In patients 
who received fibrin sealant treatment the pooled RR of 
exposure to allogeneic blood transfusion was 0-40 (95 per 
cent confidence interval (c.i.) 0-26 to 0-61), equivalent to a 
60 per cent RR reduction. The absolute risk of requiring a 
transfusion with allogeneic blood was reduced by 22 (95 per 
cent c.i. 9 to 36) per cent, equivalent to a number needed to 
treat of 4.5. Heterogeneity between these trials was not 


statistically significant (P = 0-54). 


Volume of blood transfused 

Four trials reported data on volume of blood transfused 
(Fig. 2). These trials included a total’ of 244 patients, of 
whom 112 were randomized to fibrin sealant treatment. 
The WMD for the number of units transfused in patients 
treated with fibrin sealant compared with controls was 
— 0-56 (95 per cent c.i. — 0-84 to — 0-29) units. It should be 
noted that this calculation includes data from patients who 
did not receive blood (zero values were included). 
Heterogeneity between these trials was not statistically 


significant (P = 0-67). 


Blood loss 

Seven trials, including a se of 391 EOE sande 
intraoperative and/or postoperative blood loss data (Fig. 3). 
In aggregate, the WMD for total blood loss was— 151-68 (95 
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Total 


1808 


Proporton of patients recerving tranefusion 

Fibnn sealant Control Retatve nak Weight (%) 

9 of 44 17 of 28 -J 43-0 

1 of 11T 3of 12 4-4 

5 of 28 16 of 29 —{-— 24-8 

7 of 38 11 of 44 = 25 9 

0 of 20 3 of 20 2-2 

22 of 142 50 of 133 <> 100 0 
001 0-1 1 10 100 

Favours FS Favours control 


Relate nek* 


0 34 (0-18, 0-65) 
0-38 (0-04, 3-00) 
0-31 (0-13, 0-74) 
0-74 (0 32, 1-71) 
0-14 (0-01, 2-60) 


0 40 (0-26, 0-61) 


Fig. 1 Proportion of patients receiving transfusion of allogeneic red cells. “Values are relative msk with 95 per cent confidence mterval. 
{There were 12 patients in this group, however, one patient was withdrawn from the tral. FS, fibrin sealant. Test for heterogeneity 


Y? n 3.09,4d.£, P = 0-54; test for overall effect z = 4-20, P < 0-001 


Reterence Year 

At stucloet 
Lavy ot a” 1969 
Lu and La” 1993 
Noun et a” 1996 
Uetsux ot a” 1994 
Subtotal 

In those pabents transfused 
Levy ot al ® 1996 


1-2(0 4) 


16 


1 (0-5) 


—10 


-5 
Favora FS 


WMD Weight 
(unita)t (%) 
H 58-9 
0-4 
E 33 1 
76 
¢ 100-0 
= 100-0 
Q 
0 5 10 
Favours control 


WMD 
(urute)t 


— 0 62 (- 0-08, - 0-28) 
— 2.82 (— 7-39, 1 55) 
— 0-60 (~ 0-98, — 0-02) 
— 0 28 (- 1.27, 0-71) 


— 0-56 (~ 0 84, — 0-29) 


- 0-30 (— 0-77, 0-17) 


Fig. 2 Volume of allogeneic red cells transfused. “Values are mean(s.d.), tvalues are weighted mean difference (WMD) with 95 per cent 
confidence interval. FS, fibrin sealant. ¢Test for heterogeneity X? = 1-54, 3 d.f., P = 0-67; test for overall effect z = 4.03, P < 0-001. 
$ Test for overall effect z = 1-25, P = 0.2 
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Reference 


Year 


Fibrin sealant 


A 


Biood loss (mi)” 


Total intraoperative/postoperative biood loss t 


Gasser et al.” 
Levy et al” 
Luke etal.” 
Noun et al.” 
Uetsuji et al.” 
Vecsey et al.” 


Wurtz et al.” 


Subtotal 


Total postoperative blood loss measured via drains§ 


Kohno et af,”’ 
Levy et al.” 

Noun et al.” 
Wurtz et al” 


Subtotal 


1983 
1999 
1986 
1996 
1994 


1980 


1991 


1992 
1999 
1996 
1991 


44 
29 
15 
35 
25 
20 
25 
193 


31 
29 
35 
25 
120 


60(68) 
1063(482) 
46(36) 
242(249) 
1420(1101) 
18(21) 


1170(568} 


164(147) 
360(288) 
242(249) 
1170(568) 


Estimated total postoperative blood loss] 


Gasser et al.” 
Levy et al.” 
Luke et al” 
Vecsey et al.” 


Subtotal 


1983 
1999 
1986 
1980 


44 
29 
15 
20 
108 


60(68) 
1063(482) 
46(36) 
18(21) 


Estimated total intraoperative blood loss** 


Jackson et ai” 
Kohno et ai.” 
Liu and Lui” 
Uetsuji et al.” 


Subtotal 


1999 
1992 
1993 
1994 


24 
31 


105(108) 
1098(1453) 
3047(2142) 
1420(1101) 
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per cent c.i. —251-91 to —51-46) ml. Four trials reported 
blood loss in terms of total postoperative blood loss 
measured via drainage systems (WMD -180-59 (95 per 
cent ci. —465-78 to 104-60) mI). Four trials reported total 
postoperative blood loss in terms of estimated blood loss 
(WMD - 154-67 (95 per cent c.i. -268-49 to —40-85) ml). 
For each of these subgroup analyses heterogeneity was 
statistically significant (P < 0-001). Total intraoperative 
blood loss, as reported by four trials, was unaffected by 
treatment (WMD 7-47 (95 per cent ci. -5742 to 
72-36) ml). Heterogeneity between these trials was not 
statistically significant (P = 0-59). 


Reoperation for bleeding 
No episodes of reoperation for bleeding were reported by 
the two trials’®? that provided relevant data. 


Mortalsty 

Four trials***' provided mortality data. Fibrin sealant use 
was not associated with any obvious change in mortality rate 
(RR 0-66 (95 per cent ci. 0-18 to 2-38)) although the 
numbers of patients were too small to draw definite 
conclusions. 


Length of bosprtal stay 

Only two trials?*?° reported data for length of hospital stay. 
Fibrin sealant use did not appear to have a significant impact 
on duration of hospital stay (WMD — 0.89 (95 per cent c.i. - 
2-51 to 0-73) days). 


Adverse events and otber outcomes 

Fibrin sealant use was not associated with an increase in any 
infection (RR 0-91 (95 per cent c.i. 0-37 to 2-25)), wound 
infection (RR 1-0 (95 per cent c. 0-19 to 5-26)) or pleural 
effusion (when used in cardiothoracic or hepatic surgery) 
(RR 0-25 (95 per cent c.i. 0-01 to 4-42)). However, the 
numbers of events were too small to draw firm conclusions. 
No trials reported data for deep venous thrombosis or 
wound dehiscence (outcomes selected 4 priori). 


Discussion 


The meta-analysis indicated that fibrin sealant use resulted 
in a mean reduction in blood loss of around 150 ml per 
patient, with most of the benefit being in the postoperative 


period. As a result, average transfusion requirements were 
reduced by around 0-6 units. In the authors’ view these 
results must be interpreted with caution because of the 
generally poor quality of the trials. In particular, lack of 
blinding and the use of a subjective measure (the decision to 
transfuse) weakens the conclusions. 

It is notable that even though blood loss differences were 
quite small, patients treated with fibrin sealants were 
transfused less frequently (60 per cent RR reduction). The 
trial conducted by Levy et al.’” was the only study in which 
the reduction in mean total blood loss was both clinically 
and statistically significant (mean difference 705 ml; P 
< 0-001). For this trial, five of 29 patients in the fibrin sealant 
group were exposed to allogeneic red cells, compared with 
16 of 29 in the control group. For the remaining four 
trials”®?4°38 that provided data for the proportion of 
patients exposed to allogeneic red cell transfusion the mean 
differences in total blood loss were modest, ranging from 
23 to263 ml. Despite this, the risk of exposure was reduced 
on average by a relative 57 per cent (P < 0-001). 

A number of factors may account for the apparent 
discrepancy between blood loss and the frequency of blood 
transfusion. Blood loss may not have been measured 
accurately. The decision to transfuse blood was based on 
haemodynamic variables rather than blood loss. In the 
absence of transfusion protocols, blood transfusion practice 
may have been somewhat haphazard. As the majority of 
studies were unblinded, knowledge of the patient’s treat- 
ment schedule may have reversed a transfusion decision, 
even when there was minimal blood loss. Although there 
appears to be some correlation between the volume of blood 
transfused (WMD -0.55 (95 per cent c.i. —0.83 to 
— 0-28) units) and total blood loss (WMD — 420-33 (95 per 
cent c.i. — 760-30 to — 80-36) ml) ın trials that reported data 
for both these outcomes*®?*’, this does not adequately 
explain the large reduction in the incidence of blood 
transfusion in patients treated with fibrin sealants. 

The methodological quality of the trials was poor, with 
only three trials reporting the method used to generate 
allocation sequences. Full blinding of outcomes assessment 
did not occur in any study and only one trial?’ used a method 
of concealing treatment allocation that was judged to be 
adequate. All of the studies reviewed were small, with fewer 
than 50 participants in each arm. Reliance on small studies 
raises concerns about the effects of publication bias. The 


Fig. 3 Volume of intraoperatrve/postoperative blood loss. *Values are mean(s.d.), tvalues are weighted mean difference (WMD) with 
95 per cent confidence interval. FS, fibrin sealant. {Test for heterogeneity y? = 32-79, 6 d.f., P < 0-001; test for overall effect z = 2-97, 
P = 0-003. §Test for heterogeneity 77 = 30-76, 3 d.f., P < 0-001; test for overall effect z = 1-24, P = 0-2. {Test for heterogeneity 

y? m 28-31, 3 d.f, P < 0-001; test for overall effect z = 2-66, P = 0-008. “Test for heterogeneity 77 = 1.90, 3 d.f., P = 0-59; test for 


overall effect z = 0-23, P = 0-8 
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degree to which publication bias may have impacted on the 
overall results of this review is difficult to determine 
accurately as the small number of trials hampered any 
formal assessment using funnel plotting techniques. As the 
presence of publication bias cannot be discounted, the 
results need to be viewed with caution. 

The most significant degree of heterogeneity in these 
trials related to intraoperative/postoperative blood loss. 
The observed variation was generally in terms of size, not 
the direction of effect. To explain the variation in the size of 
treatment effect a number of factors was examined, 
including the type of surgery, the timing of blood loss 
measurement and the methods used to measure blood loss. 
Most of the observed heterogeneity seemed to be explained 
by the type of surgery. Subgroup analysis by the type of 
fibrin sealant was constrained by the small number of trials. 

The International Study of Perioperative Transfusion (a 
ten-country study of evidence, attitudes and practices 
relating to the use of alternatives to perioperative allogeneic 
blood transfusion) has generated a number of systematic 
reviews that examined the efficacy and safety of various 
technologies employed to minimize the need for perio- 
perative allogeneic blood transfusion’?’”*!. Among the 
technologies studied were antifibrinolytic drugs (aprotinin, 
tranexamic acid and epsilon aminocaproic acid), desmo- 
pressin (deamino-8-D-arginine vasopressin), autologous 
blood donation by preoperative deposit, acute normovo- 
laemic haemodilution and cell salvage. Findings from these 
studies indicate that preoperative deposit, haemodilution 
and cell salvage (techniques for reinfusing a patient’s own 
blood, not for reducing blood loss) are associated with only 
small benefits in terms of reducing the need for allogeneic 
blood. However, the use of technologies intended to reduce 
surgical blood loss, such as aprotinin and tranexamic acid, 
are associated with significant benefits in terms of reducing 
the need for allogeneic blood transfusion and the need for 
reoperation owing to continued bleeding“’. The data 
considered here are insufficient to conclude whether fibrin 
sealants are similarly effective. 

The studies reviewed here provided inadequate data for 
firm conclusions to be drawn about the impact of fibrin 
sealant use on clinically important endpoints. Furthermore, 
the generalizability of the results across different clinical 
settings and different fibrin sealants is uncertain. In such 
circumstances large randomized controlled trials with 
clinical outcomes are recommended. 
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Background: The aim of this study was to compare loop ileostomy and loop transverse colostomy as 
the preferred mode of faecal diversion following low anterior resection with total mesorectal excision 
for rectal cancer. 

Methods: 
excision were randomized to have either a loop ileostomy or a loop transverse colostomy. Postoperative 


Patients who required proximal diversion after low anterior resection with total mesorectal 


morbidity, stoma-related problems and morbidity following closure were compared. 

Results: From April 1999 to November 2000, 42 patients had a loop ileostomy and 38 had a loop 
transverse colostomy constructed following low anterior resection. Postoperative intestinal obstruction 
and prolonged ileus occurred more commonly in patients with an ileostomy (P = 0-037). There was no 
difference in time to resumption of diet, length of hospital stay following stoma closure and incidence of 
stoma-related complications after discharge from hospital. A total of seven patients had intestinal 
obstruction from the time of stoma creation to stoma closure (six following ileostomy and one following 
colostomy; P = 0-01). 

Conclusion: Intestinal obstruction and ileus are more common after loop ileostomy than loop 
colostomy. Loop transverse colostomy should be recommended as the preferred method of proximal 


faecal diversion. 


Paper accepted 23 January 2002 


introduction 


Anastomotic leakage is a serious postoperative complica- 
tion following colorectal surgery. The incidence is parti- 
cularly high when an anastomosis involves the distal rectum 
or anal canal“. Proximal faecal diversion reduces the 
incidence of clinical anastomotic leakage following low 
anterior resection with total mesorectal excision’. Although 
use of proximal faecal diversion to prevent leakage at rectal 
anastomoses remains controversial", most authors agree 
that a defunctioning stoma can reduce the risk of sepsis 
resulting from anastomotic leakage’. 

Proximal diversion of a distal rectal anastomosis can be 
achieved by either a loop colostomy or a loop ileostomy. It 
remains controversial whether a loop ileostomy or a loop 
transverse colostomy is a better form of faecal diversion. 
‘This randomized controlled trial compared loop ileostomy 
and loop transverse colostomy to determine the optimal 
mode of faecal diversion following low anterior resection 
with total mesorectal excision for rectal cancer. 
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Patients and methods 


Patients who underwent low anterior resection for rectal 
cancer within 12 cm from the anal verge were eligible for 
inclusion in the study, which took place from April 1999 to 
November 2000. Informed consent was obtained from 
patients before the operation. The stoma therapist marked 
both the loop ileostomy site and the loop transverse 
colostomy site before surgery, During the study period all 
patients treated with total mesorectal excision with an 
anastomosis at or below 5 cm from the anal verge had a 
diverting stoma. Patients with proximal rectal cancer in 
whom the mesorectum was transected and a higher recta] 
anastomosis constructed (more than 5 cm from anal verge) 
did not have faecal diversion. The decision to create a 
diverting stoma and randomization of patients was made on 
completion of the colorectal or coloanal anastomosis. 

In patients randomized to have a loop ileostomy, the loop 
of ileum destined for the ileostomy was brought out without 
tension through the abdominal wall at the premarked stoma 
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site. The distal limb of the loop was marked with a suture. A 
transverse incision was made involving the antimesenteric 
two-thirds of the ileum and a 1-5—2-0-cm spout constructed 
by everting the afferent limb. The loop was not rotated and 
the afferent limb constituted the superior aspect of the 
stoma. 

In patients randomized to have a loop transverse 
colostomy, the stoma was created in the transverse colon 
to the right of the middle colic vessels. The mesentery 
adjacent to the bowel wall was incised for the passage of a 
nelaton catheter, used to bring the transverse colon out 
through the premarked stoma site. The catheter was also 
used to support the colostomy in the early postoperative 
period and was removed | week after surgery. An incision 
was made along one of the taenia coli and the colostomy was 
matured with catgut sutures. 

A contrast enema was performed before closure of the 
stoma to ensure the integnty of the anastomosis. 
Mechanical bowel preparation with polyethylene gtycol 
solution was given to the patients the day before closure of 
the transverse colostomy. No bowel preparation was 
administered before closure of an ileostomy. Perioperative 
antibiotics were given at the tme of induction of 
anaesthesia. A circumstomal incision was used for stoma 
closure. The loop of colon or ileum was freed by sharp 
dissection. Primary closure of the anterior colonic wall was 
performed for the loop transverse colostomies while 
resection and anastomosis was the procedure for closure 
of the loop ileostomies. The abdominal wall was closed with 
interrupted polydioxanone sutures and the skin was closed 
primarily. 

Demographic data, details of the operation, postopera- 
tive complications and follow-up data formed part of the 
prospective database of patients with rectal cancer. 
Prolonged postoperative ileus was defined as the inability 
to tolerate diet 5 days after surgery in the absence of active 
bowel sounds with the need for nasogastric decompression. 
Data on stoma function and stoma-related morbidity were 
collected. 


Sample size calculation 


The authors had shown previously that 15 per cent of 
patients who had a loop ileostomy for faecal diversion 
following rectal resection developed small bowel obstruc- 
tion. It was assumed that obstruction was due mainly to the 
presence of a loop ileostomy which would not have occurred 
in case of a loop transverse colostomy. To reduce the 
obstruction rate by 15 per cent, it was estimated that a 
sample size of 36 patients in each group would be required 
to achieve a type I error of 0-05 with a power of 0-8. In 
calculation of the sample size, it was assumed that 10 per 
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cent of the patients would not undergo stoma closure. 
Therefore it was planned to recruit 80 patients. 


Statistical analysis 

Nominal variables were compared with the x? test or 
Fisher’s exact test as appropriate. Continuous variables 
were presented as means and compared with Student’s t test. 
Non-parametric data were presented as median values and 
compared with the Mann-Whimey U test. P < 0-05 was 
considered statistically significant. 


Results 


Eighty patients, 31 women and 49 men, were randomly 
assigned to have a loop ileostomy (42) or a loop transverse 
colostomy (38). The mean age was 66-5 (range 38- 
87) years. There were no significant differences in demo- 
graphic data, tumour characteristics or operative details 
between the two groups (Table 1). 

There were two intraoperative complications, one 
splenic injury and one ureteric injury during concomitant 
total hysterectomy and bilateral oophorectomy. Non- 
stoma-related complications occurred in 13 patients in the 
ileostomy group and in eight patients in the transverse 
colostomy group (P = 0.45). Clinical anastomotic leakage 
occurred in four patients, two in each group. Laparotomy 
and peritoneal lavage was required in one patient while the 
other patients were managed without surgery. As regards 
stoma-related morbidity, three patients developed intes- 
tinal obstruction and four developed ileus in the ileostomy 
group while prolonged ileus occurred in only one patient in 
the colostomy group (P = 0-037). One patient required 
surgery; the obstruction was due to a kink in the ileum just 
prommal to the ileostomy site. 

Recovery of bowel function and time to resumption of 
diet after the initial operation are shown in Table 1. Bowel 
function returned and a fluid diet was resumed more quickly 
in patients with a loop ileostomy. However, the time to 
resumption of solid diet and the length of hospital stay were 
no different. 

Two patients in the ileostomy group died in the early 
postoperative period because of bowel ischaemia. Another 
patient developed gastrointestinal bleeding from a duode- 
nal ulcer, resulting in hypotension and ischaemic injury to 
the colon. Emergency vagotomy and pyloroplasty with 
takedown of the anastomosis was performed. These three 
patients were excluded from the analysis of stoma-related 
complications after discharge from hospital. 

Table 2 shows the stoma complications that occurred 
before closure. There were no differences in the number of 
complications between the two groups. The most common 


www. bjs.co.uk British Journal of Surgery 2002, 89, 704-708 


706 Faecal diversion after total mesorectal excision + W. L. Law, K. W. Chu and H. K. Choi 


Table 1 Comparison of patients with loop ileostomy and loop transverse colostomy 





“Above anal verge. *Stage according to American Joint Committee on Cancer 


Table 2 Stoma-related complications during follow-up 





P = 0-16 verses loop colostomy (Pisher’s exact test) 


complications were minor skin problems, which occurred in 
| I patients. No operations were needed to deal with the 
stoma complications. 

One patient died from pneumonia before closure of the 
stoma. Three patients preferred not to the have the stoma 
closed, two because of irresectable liver metastases. Stoma 
closure was therefore performed in 73 patients (35 
ileostomies and 38 colostomies). The median time to 
closure was 183 days for patients with an ileostomy and 
180 days for those with a loop colostomy (P = 0-63). The 
duration of operation, time to recovery of bowel function 
and time to resumption of diet are shown in Table 3. The 
duration of operation was shorter in the colostomy group. 
Patients in the ileostomy group had earlier return of bowel 
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function. However, there were no differences in the time to 
resume fluid and solid diet or length of hospital stay. 

No death resulted from stoma closure. The morbidity of 
stoma closure is shown in Table 3. In the ileostomy group 
three patients had intestinal obstruction, one of whom 
required operative treatment. One patient in the loop 
transverse colostomy group developed intestinal obstruc- 
tion following closure of the stoma which resolved with 
conservative treatment. 

Overall, six of 35 patients who had an ileostomy that was 
ultimately closed developed intestinal obstruction. 
Obstruction occurred in one of the 38 patients who had a 
loop transverse colostomy (P = 0-01). 


Discussion 


Total mesorectal excision with sphincter-preserving sur- 
gery has become the treatment of choice for cancers of the 
middie and lower third of the rectum”. However, the 
anastomotic leakage rate has been shown to be particularly 
high following distal colorectal or coloanal anastom- 
osis™™!?, A few studies have shown lower anastomotic 
leakage rates in patients in whom there is proximal faecal 
diversion™'!. 

The optimal mode of faecal diversion is debatable as it 
can be achieved by either a loop transverse colostomy or a 
loop ileostomy. Initially used for defunctioning the colon in 


. : : : STEDET ; 
patients with fulminant ulcerative colitis’™!?, loop ileos- 
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Table 3 Events after stoma closure 





*One patient had intestinal obstruction and wound infection 


tomies have been used increasingly to provide proximal 
faecal diversion for distal colonic or rectal anastomoses’. 
Four randomized trials have compared loop colostomy and 
loop ileostomy'*'”. Three of these studies recommended 
loop ileostomy!” 17.18 while one recommended loop trans- 
verse colostomy'®. Three of the earlier studies included 
patients with various colorectal pathologies as well as 
anastomoses at different levels in the colon and rectum’ * 

The recent study by Edwards et a/.'*, which is similar to 
the present study, included only patients who had total 
mesorectal excision for rectal cancer. They found more 
stoma-related complications following closure of a loop 
colostomy, although colostomy closure was technically 
easier. The most common complication was incisional 
hernia, which occurred during follow-up. In the present 
study, more emphasis was placed on early postoperative 
morbidity and stoma-related morbidity. Although loop 
ileostomies started to function earlier than loop transverse 
colostomies, this did not translate into earlier resumption of 
a solid diet or a shorter hospital stay. A higher incidence of 
postoperative ileus and intestinal obstruction was found in 
the ileostomy group after the initial operation. The results 
are similar to moe of the randomized controlled trial by 
Gooszen et al.'°, who reported more postoperative com- 
plications in paini with a loop ileostomy. The presence of 
a loop ileostomy in the infracolic compartment is more 
likely to create adhesion, twisting or herniation of the small 
bowel, leading to postoperative obstruction. 

Stoma complications during follow-up were similar in 
the two study groups and were not serious compared with 
those reported in other studies '°. The most common 
problems involved the peristomal skin and occurred at a 
similar rate in both groups. Prolapse of the stoma occurred 
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in three patients with a loop transverse Colpo m 
incidence is similar to that reported by Edwards et al.'* and 
is much lowes than the incidence reported by Gooszen i a 
colleagues’® . The fascial defect created for the colostomy 
was not large and was similar to that used for loop 
ileostomy. A flush colostomy was created without bringing 
the whole transverse colon out beyond skin level. This may 
account for the relatively low incidence of prolapse in the 
colostomy group. 

The incidence of septic complications following closure 
of the stoma was similar in both groups. Intestinal 
obstruction occurred in three patients following closure of 
a loop ileostomy and resulted in one reoperation. This 
finding is similar to that in a previous review when loop 
ileostomy was the preferred defunctioning stoma’, 
Furthermore, the incidence of intestinal obstruction from 
the time of creation of the stoma to the postoperative period 
of closure was significantly higher in the ileostomy group. 

Intestinal obstruction is a well recognized complication 
associated with ileostomy although its incidence following 
rectal cancer surgery is less wel! documented: Metcalf etal.” 
reported an incidence of intestinal obstruction of 6-4 and 
14-8 per cent before and after closure of loop ileostomies 
respectively in patients with an ileoanal pouch anastomosis. 


The presence of a loop ileostomy may increase the chance of 


twisting the small bowel and the oe of adhesions 
adjacent to the stoma. Francois et al”! reported that 
temporary ileostomy was responsible for two-thirds of the 
cases of postoperative obstruction in patients with restora- 
tive proctocolectomy. 

Intestinal obstruction following loop ileostomy closure 
has also been well studied’? **. Closure of a loop ileostomy 


is a more difficult operation than closure of a loop 
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colostomy’. In the present study, it took longer to close a 
loop ileostomy. Recent reports show that the method of 
closure has an important impact on subsequent intestinal 
obstruction’**". Hasegawa et al% showed that stapled 
anastomosis during closure of an ileostomy was associated 
with a lower incidence of postoperative intestinal obstruc- 
tion in a randomized controlled trial, while Phang et al.” 
found that enterotomy suture was associated with the lowest 
incidence of postoperative intestinal obstruction. Further 
studies are required to confirm their findings. 

In this randomized controlled trial, a higher incidence of 
postoperative ileus and intestinal obstruction was found in 
patients in whom a loop ileostomy was used for proximal 
faecal diversion. Loop ileostomy was found to be associated 
with a higher incidence of intestinal obstruction from the 
time of its creation to the postoperative period of closure. As 
other stoma-related complications were comparable in the 
two groups, a loop transverse colostomy appears to be the 
optimal form of faecal diversion for a distal rectal or anal 
anastomosis following total mesorectal excision. 
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Effect of venous ulcer exudates on anglogenesis in vitro 


S. L. Drinkwater, A. Smith, B. M. Sawyer and K. G. Burnand 
Department of Academic Surgery, First Floor, North Wig, St Thomas’ Hospital, Lambeth Palace Road, London SEI 7EH, UK 


Carrespomdence to. Dr K G. Burnand (e-mail: kevin burnand@kel.ac uk) 


Baokgrounds Angiogenesis, the formation of new from existing capillaries, is an important mechanism 
in venous ulcer healing. The aim of this study was to determine whether venous leg ulcer wound 
exudates stimulate or inhibit angiogenesis. 

Methods: Fluid exudate was obtained from 16 venous ulcers over a 4-h interval. Five of the ulcers had 
not healed after more than I year of compression bandaging, and five were rapidly healing ulcers. As a 
control, acute wound fluids were collected from subcutaneous drains in seven patients. Vascular 
endothelial growth factor (VEGF) at 2 ng/ml acted as a positive control. Tubules stained with an 
antiendothelial antibody were quantified using an image analysis system. The extent of angiogenesis was 
expressed as the ratio of the mean tubule length in the test wells over that in blank control wells. 
Reeulte: Venous ulcer exudates significantly inhibited angiogenesis (mean (95 per cent confidence 
interval) 0-72 (0-48 to 0-96)) compared with acute wound fluids (2-48 (0-86 to 4-10)) (P < 0-002) and 
VEGF (1-47 (1-32 to 1-61)) (P = 0-01). Exudates from the five non-healing venous ulcers inhibited 
angiogenesis (0-31 (0-15 to 0-46)) significantly more than exudates from the five mpidly healing venous 
ulcers (0-93 (0-21 to 1-65)) (P = 0-03). 

Conclusion: Fluid exudate from venous ulcers, in perticular those that healed slowly, inhibited 


experimental angiogenesis in this study. 


Paper accepted 18 January 2002 


Introduction 


Venous ulcers are a common problem, having a lifetime 
prevalence of between 1 and 3 per cent in western 
Europe’. Ulcer treatment is costly in terms of dressings, 
bandages and nursing time*. Between 30 and 60 per cent of 
venous ulcers heal within 3 months of treatment with 
compression bandaging”, but 20 per cent persist beyond 1 
year and may require excision and skin grafting. Some 
venous ulcers never heal despite adequate treatment and, 


The oral presentation based on this manuscript won the BFS prize at 
the above meeting 
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anecdotally, these ulcers often have white and fibrous 
bases’. 

Angiogenesis, the formation of new from existing 
capillaries, is a part of normal wound healing. The 
microcirculation is known to be abnormal in venous disease. 
Histological studies have shown that the local capillaries in 
lipodermatosclerotic skin are abnormally tortuous and 
leaky®, with disrupted basement membranes’. Capillary 
density correlates with disease severity”. Capillary pro- 
liferation has been associated with increased staining for 
vascular endothelial growth factor (VEGF)'®, the most 
potent angiogenic growth factor, which also induces 
capillary permeability. Increased VEGF levels in venous 
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blood have been reported in patients with chronic venous 
insufficiency. Capillary microscopy has suggested that 
there are fewer capillaries in lipodermatosclerotic skin than 
in normal skin, although they are longer and more coiled”. 
An attempt has been made to link the number of vessels at 
the edge ofa venous ulcer seen by capillary microscopy with 
the rate of healing, but the study w 
significant ink. 

The proteolytic milieu in the base of a venous ulcer may 
degrade any growth factors that are produced, adversely 
affecting angiogenesis and delaying wound healing", 
Angiogenic inhibitors such as angiostatin, produced after 
plasminogen is cleaved to form plasmin, may also delay 
healing’. 


‘There is a clear indication that angiogenesis is abnormal 


was too small to confirm a 


in patients with venous disease. In this study, the effects of 


acute wound fluid exudates from a variety of venous ulcers 
were examined using an ¿n vitro angiogenesis assay. 


Patients and methods 


Patients 


Sixteen patients with a typical venous ulcer, i.e. associated 
with varicose veins, venous eczema, lipodermatosclerosis 
and venous reflux on duplex imaging, were recruited from 
the venous ulcer clinic. All patients had palpable pedal 
pulses and none had diabetes. Patients were recruited on 
first attendance to the clinic, at which three-layer paste or 
four-layer compression bandaging was commenced. Ulcers 
had been present for varying time intervals and had various 
treatments before recruitment. All patients were followed 
until ulcer healing, or for at least } year. A slow-healing 
ulcer was defined as one that persisted for more than I year. 
Ulcers that healed within 3 months were considered to be 
rapid healing. 

Seven patients who required a closed suction drain after 
surgery were recruited as controls for the study. There were 
four women who had undergone breast surgery, and three 
men who hac had carotid endarterectomy, thyroidectomy 
or lymphoedema reduction. 


Collection of samples 


Venous ulcers were cleansed and covered with an occlusive, 
adhesive dressing (OpSite™; Smith and Nephew Medical, 
Hull, UK), using ether to improve adhesion. After 4 h, the 
collected fluid was aspirated from beneath the dressing 
using a 5-ml syringe and 21-G needle. Acute wound fluids 
were collected from the drain bottles on the second day after 
operation. 
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Immediately after collection, all fluids were spun at 
13 000g for 10 min, and the supernatant was snap frozen 
and stored at—70°C until required. Just before assay, wound 
fluids were thawed, diluted to 0-5 per cent by volume in 
endothelial growth medicm supplemented with 2 per cent 
fetal calf serum (TCS CeilWorks, Buckingham, UK), and 
filtered through a 0.22-um filter to remove bacterial 
contamination. 


In vitro angiogenesis kit 


A commercially available angiogenesis kit was used (TCS 
CellWorks). This consists of islands of human umbilical 
vein endothelial cells co-cultured with dermal fibroblasts on 
flat-bottomed 24-well plates. After incubation for 11- 
14 days, cord-like structures appear, which have been 
demonstrated by confocal and electron microscopy to be 
tubular and have a lumen!®. 

Wound fluids were assayed by a blinded investigator, in 
triplicate, at a fixed concentration of 0-5 per cent by volume. 
Culture medium containing wound fluid was replenished 
after 3, 6 and 9 days. A blank control (culture medium only) 
and a positive control (VEGF 2 ng/ml) were used on each 
plate. 

On day 12, the medium was aspirated carefully and the 
plates were fixed with cold 70 per cent ethanol, and stained 
for CD31 (platelet endothelial cell adhesion molecule 1) 
using mouse antihuman CD31 as the primary antibody, 
goat antimouse immunoglobulin G-alkaline phosphatase 
conjugate as the secondary antibody and 5’-bromo-4- 
chloro- 3-inodylphosphate-nitroblue tetrazolium tablets 
(Sigma®, Bookham, UK) as substrate. This reaction stained 
the tubules a dark purple colour. 

Each well was photographed using a digital camera 
(Coolpix 990; Nikon UK, Kingston, UK) on an inverted 
microscope at 40 magnification. Five images were taken 
for each well in a grd-like fashion at a resolution of 
2048 x 1536 pixels. A background image of an empty well 
was taken and all images were subtracted from this in order 
to correct for differences in light and shadow, using an 
image analysis software package (Image-Pro” Plus, Silver 
spring, Maryland, USA). The number of pixels stained dark 
in the image was then calculated to provide a numerical 


value for the degree of tubule formation. 


Because of the variability inherent in a biological assay, 
the pixel value for each treatment on each plate was divided 
by the blank controls on the same plate to allow comparison 
between plates. 

Values in text are mean (95 per cent confidence interval). 
Groups were compared using the Mann—W hitney U test. 
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Acute Ulcer VEGF 
wound fluid exudate (n= 4) 
{n = 7) (n = 16) 


Fig. 1 Effect of acute wound fluid, venous ulcer exudate and 
vascular endothelial growth factor (VEGF) on in vitro 
angiogenesis. Bars and error bars represent mean and standard 
error of the mean. *P < 0-002, +P = 0-01 (Mann-Whitney U test) 


Results 


The 16 patients with a venous ulcer included ten men and 
six women of median age 64 (range 36-80) years. Five ulcers 
were less than 10 cm? in diameter, eight were between 10 
and 100 cm’, and three were greater than 100 cm’. One 
patient died. Five slow-healing ulcers did not heal within 
| year and five rapid-healing ulcers healed within 3 months; 
the others healed by 3-6 months (7 = 3) or 6-12 months 
(n = 2). 

Venous ulcer exudates inhibited angiogenesis (0-72 (0-48 
to 0-96); n = 16) compared with acute wound fluids (2-48 
(0-86 to 4-10); x= 7) (P < 0-002) (Fig. 1). A similar 
difference was observed when the ulcer fluids were 
compared with VEGF-treated wells (1-47 (1-32 to 1-61); 
n= 4) (P=(0-01) (Fig. 1). There was no difference in 
angiogenesis between acute wound fluid and VEGF 
treatment. 

The exudates from the five slow-healing venous ulcers 
inhibited angiogenesis (0-31 (0-15 to 0-46); n = 5) signifi- 
cantly more than exudates from five patients with rapidly 
healing ulcers (0-93 (0-21 to 1-65); n = 5) (P = 0-03) (Fig. 2). 
There was no difference between the degree of tubule 
formation in wells treated with exudates from the venous 
ulcer group as a whole (0.75 (0-49 to 1-00); n = 16) and those 
treated with exudates from rapidly healing ulcers (0-93 (0-21 
to 1-65); 7 = 5). 


© 2002 Blackwell Science Ltd 


Degree of staining/contro] 





Acute VEGF Rapid-healing Slow-healing 
wound fluid {n= 4) ulcers ulcers 
(n= 7) (n= 5) {n= 5) 


Fig. 2 Comparison of the effect of acute wound fluid, vascular 
endothelial growth factor (VEGF), and exudate from rapid- and 
slow-healing venous ulcers on iv vitro angiogenesis. Bars and 
error bars represent means and standard error of the mean. 

*P < 0.003, +P < 0-02, ¿P = 0-03, §P < 0-05 (Mann-Whitney 

U test) 


Discussion 


Studies have shown that acute wound fluids (from split skin 
graft donor sites or subcutaneous drains) contain angio- 
genic stimulators'’~'”. The results presented in this study 
confirm these findings, as addition of acute wound fluid to 
the angiogenesis assay resulted in a 2-5-fold increase in 
tubule formation. One previous study that investigated the 
effects of venous ulcer exudates on endothelial cell 
mitogenesis used a proliferation assay to demonstrate that 
pooled venous ulcer exudates, at a concentration of 2 per 
cent, failed to stimulate or inhibit the growth of human 
dermal microvascular endothelial cells’’. The angiogenesis 
assay (involving proliferation, migration and adhesion) used 
in the present study showed that venous ulcer exudates 
significantly reduced tubule formation. This inhibition was 
more pronounced in ulcers that healed slowly. 

The cause of the inhibition of angiogenesis by ulcer 
exudates in this study is not known. It is possible that the 
exudates caused the endothelial cells to detach from the 
plates rather than inhibiting tubule formation, which may 
be a consequence of the proteolytic nature of these fluids. 


This seems unlikely, however, as the exudates were diluted 


to 0-5 per cent. The authors have observed in mitogenesis 
assays that this concentration did not detach cells from the 
plate. 


www. bjs.co.uk British Journal of Surgery 2002, 89, 709-713 


712 Effect of ulcer exudate on in vitro angiogenesis • S. L. Drinkwater, A. Smith, B. M. Sawyer and K. G. Burnand 


One possible explanation ts that there is an inhibitor 
present in these fluids. This agent may be an enzyme that 
inhibits angiogenesis by degrading growth factors required 
for capillary budding and growth. Levels of urokinase-type 
plasminogen activator and the product of its activity, the 
serine protease plasmin, have been found to be raised in 
ulcer tissue biopsies and exudates’? It has previously 
been demonstrated that the activity of this enzyme was 
significantly higher in biopsies from slow-healing venous 
ulcers*’. It has been suggested that plasmin is the enzyme 
responsible for the cleavage of growth factors in ulcer 
exudate'*. These factors may be degraded in such a way as to 
inactivate them without affecting their levels as measured by 
antigen-based assays'*. This might explain the findings of 
Harris etal.?*, who showed that chronic venous ulcer 
exudates contained collagenase activity, but could find no 
difference between levels of cytokines in healing and non- 
healing ulcers. 

There are low levels of plasminogen and high levels of 
plasmin in ulcer exudates. Angiostatin is a cleavage product 
of plasminogen when plasmin is formed and has potent 
antiangiogenic activity’. This molecule is therefore a 
potential candidate as a specific angiogenic inhibitor in 
ulcer exudates. 

The angiogenesis kit used in this study is the only 
commercially available 7 vitro angiogenesis kit in the UK. 
The main criticism of this kit, however, is that the human 
endothelial cells used are neonatal macrovascular cells, 
rather than adult dermal microvascular cells that are found 
in the skin of patients with venous ulcers. The kit used in this 
study had a low intra-assay variability but a high interassay 
variability, making comparisons between different batches 
difficult; this problem was addressed by expressing the 
result for each well in relation to the corresponding blank 
control for that plate. 

Ulcer exudates are complex solutions that are difficult to 
standardize and study”. The exudates used in this study 
were diluted by volume rather than protein concentration, 
as it was felt that this more accurately reflects the wound 
environment. Ulcer exudates were collected over 4 h and 
frozen immediately, to prevent possible degradation of 
growth factors by proteolytic enzymes. This produced 
small volumes of exudate that precluded an attempt to 
demonstrate a dose-response relationship. 
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Background: Operative repair of ruptured abdominal aortic aneurysm (RAAA) is associated with a high 
mortality rate but reported figures vary widely. The aim of this study was to estimate the operative 
mortality of RAAA repair and determine how it has changed over time. 

Methods: A meta-analysis of all English language literature quoting figures for operative mortality of 
RAAA repair. 

Results: The pooled estimate for the overall operative mortality rate of RAAA repair from 1955 to 1998 
was 48 (95 per cent confidence interval 46 to 50) per cent. Meta-regression analysis of operative 
mortality over time demonstrated a constant reduction of approximately 3.5 per cent per decade (1954— 
1997) with an operative mortality rate estimate for the year 2000 of 41 per cent. Seventy-seven studies 
reported intraoperative mortality but, while this appears to have remained constant over time, there was 
evidence of the presence of publication bias in the subgroup of papers reporting this outcome. There 
was no evidence of publication bias for the overall operative mortality outcome. 

Conclusion: Contrary to the conclusion of recent studies, this paper demonstrates a gradual reduction 
with time in the operative mortality rate of RAAA repair. 


Paper accepted 4 March 2002 


introduction 


In 1989 it was reported that the true number of deaths due to 
ruptured abdominal aortic aneurysm (RAAA) in England 
and Wales was approximately 7500 per annum’. Since the 
mortality rate associated with RAAA has increased steadily 
over the past two decades (Fig. 1) the annual figure is now 
likely to be considerably higher. So RAAA is a significant 
cause of mortality in the UK, accounting for a similar 
number of deaths as gastric, oesophageal and prostatic 
malignancies’. Despite this, the importance and implica- 
tions of RAAA remain largely unacknowledged by the 
medical establishment, and the majority of the lay public are 
unaware of the existence of the disease. 

The only curative treatment for RAAA is emergency 
operation and there is a high operative mortality rate. 
Reported rates vary from as low as 15 per cent’ to as high as 
90 yas cent’ but are usually quoted as approximately 45 per 
cent”. With surgeons’ increased familiarity with the 
operative procedure and improvements in critical care, it 
might be expected that this figure should be improving, but 
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it appa to have 
reports), 

The aim of this study was to estimate the operative 
mortality rate of RAAA repair, quantify how this has 
changed over time, and examine changes in the demo- 
graphic features of patients undergoing RAAA repair, by 
performing a meta-analysis of the relevant English language 
literature. This article was prepared according to previously 
published guidelines for reporting meta- ne ses of obser- 
vational studies!” 


remained unchanged since earlier 


Methods 


Search strategy 


Literature searches of the Medline (January 1966 to 
November 2000) and Embase (January 1980 to November 
2000) electronic databases were performed by one of the 
authors (M_J.B.). The Ovid search engine (version 7.8; Ovid 


Technologies, New York, USA) was employed. The 


following search strategies were each used on both 
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Fig. 1 Deaths due to ruptured abdominal aortic aneurysm in England and Wales 1979-1998" 


databases: (a) ‘aortic aneurysm, abdominal and mortality 
(textword) and aortic rupture/mortality’, (b) ‘aortic 
aneurysm, abdominal/mortality, complications and [aortic 
rupture or rupture (textword) or rupture, spontaneous]’, (c) 
‘aortic rupture and [aortic aneurysm, abdominal or 
abdominal aortic aneurysm (textword)]’. In addition, 
manual searching of reference lists from articles retrieved 
by electronic searching was used to identify those articles 
published before the inception of these databases and any 
missed by the electronic searches. Articles retrieved were 
restricted to those published in English. 


Study selection 


All articles that gave figures for total number of patients 
undergoing surgery for RAAA and the total number of those 
who died were included in the analysis. Articles were not 
restricted to any particular operative technique; transperi- 
toneal, retroperitoneal and non-inlay were all included. 
Studies of all types of design were included, both 
prospective and retrospective observational studies, and 
experimental studies. For experimental studies, data from 
both the control and intervention arms of the study were 
compiled and included as a single study. 

Articles were excluded if they did not explicitly define 
RAAA as the presence of blood outside the aortic wall at 
laparotomy. This was to exclude papers that included 
patients undergoing emergency or urgent repair of sympto- 
matic non-ruptured AAA in their figures, since this 
diagnosis is known to be associated with a lower mortality 
rate than RAAA”!?, Articles were rejected if they described 
only selected groups of patients (such as octogenarians), 
were single case reports or did not include intraoperative 
deaths in their figure for overall deaths. Papers selected 
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from English language abstracts that were subsequently 
found to be written in other languages were also rejected. 


Data extraction 


All articles were reviewed by one of the authors (MJ.B.). For 
all studies the total number of patients undergoing surgery, 
the total number of those who died, and the mid-timepoint 
of the study (the date half-way through the study time 
period) were recorded. Where mortality figures were 
quoted as percentages actual numbers were calculated 
from the data provided. The definition of operative 
mortality used in each study was recorded (in-hospital or 
30 day). In addition, when given, the number of patients 
who died during surgery, the gender ratio of the study 
population (proportion of women in the study group), the 
average age of the study population (mean or median) and 
the number of patients denied surgery by the operating 
surgeons were recorded. The number of patients refused 
surgery was not included in the figure for total number of 
patients undergoing surgery. Where both the mean and 
median ages were given median age was recorded. 


Validity assessment 


Ascertaining the validity and quality of largely non- 
comparative observational studies in the context of meta- 
analyses is not straightforward as there are no quality scales 
or checklists developed specifically for such studies. For this 
reason, individual study characteristics perceived as poten- 
tially related to the validity and quality of these particular 
studies were examined’*, Whether each study was a 
multicentre or single-centre study, whether the data on 
patient numbers had been obtained via the use of coded 
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computerized records and the level of evidence according to 
the definitions of Blankensteijn et al. were all recorded. 


Quantitative data synthesis 


Separate meta-analyses were performed for operative 
mortality and intraoperative mortality outcomes. These 
were both performed using random-effects models on a log 
odds outcome scale. The presence of between-studies 
heterogeneity was assessed using the standard x” test (test 
statistic denoted as Q in the results), Results were 
transformed to the proportion scale to ease interpret- 
ability'*, In an attempt to explain any between-study 
heterogeneity, additional meta-regression analyses were 
performed to explore the effect of time (using the co-variate 
midpoint of study), patient age (using median/mean patient 
age), gender (using the co-variate proportion of population 
female) and number of patients turned down for surgery. A 
mixed model, again using the log odds outcome scale, was 
utilized for this purpose’®. 

Sensitivity analysis was performed, stratifying analyses by 
the measures of quality identified in the previous section, to 
examine whether there was systematic variation in results 
across these quality components. Funnel plots were 
examined to assess whether publication bias was likely to 
be a problem, and the method of trim and AI ™!®, which 
assesses how many studies are likely to be missing and the 
potential impact of their exclusion on the analysis, applied 
to both outcomes. All statistical analyses were carried out 
using Stata Statistical Software, release 7.0 (Stata, College 
Station, Texas, USA) 


Results 


Study flow (Fig. 2) 


A total of 517 articles were identified, 456 by computerized 
searches and 61 by manual searching of references. Fifty- 
seven were duplicates owing to the use of electronic 
searching of both the Medline and Embase databases. 
One hundred and twenty-one were rejected on the basis of 
electronic examination of their abstracts, from which it was 
clear that they did not concern RAAA. All articles without 
electronically available abstracts were retained. The 
remaining 340 articles were obtained via local library 
collections, The British Medical Association Library and 
The British Library. Three articles could not be obtained 
from any of the above sources'”*', One hundred and sixty- 
nine of these 340 articles were rejected for the reasons 
shown in Table 1, leaving 171 articles remaining in the final 
analysis. 
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Fig. 2 Study flow diagram 


Table 1 Articles rejected from analysis (7 = 169) 





References available on application to author. RAAA, ruptured 
abdominal aortic aneurysm 


Study characteristics (Tables 2, 3 and 4) 


The 171 articles included in the analysis gave details of 
21 523 patients over 43 years (mid-timepoints 1954- 
1997)* 111322187" One hundred and sixty-four articles 
identified the period of time covered in their study thus 
allowing the calculation of a mid-timepoint. For the 
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Table 2 Studies quoting in-hospital mortality in chronological order according to mid-date of study 
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Table 2 Continued 


Values in parentheses are percentages. *Also gave 30-day mortality (Table 3) 


1,121,136,154,155, 164,186 , 
remaining seven articles’ ee en The publica: 


tion date was used in the: analysis. Seventy studies quoted in- 
hospital mortality 3777575% 49,71-73,75-92 °4 37 quoted 30- 
day mortality” HL9-128 four quoted both ae or 
and 60 failed to denn: their criteria for operative 
mortality day . Seventy-seven studies gave details of 
intraoperative kus 66 reported gender ratio, 47 stated 
the mean or median age of patients undergoing surgery and 
28 stated the number of patients refused surgery. The 
majority of studies (149) were Blankensteijn level 2b 
(retrospective hospital-based studies), ten were level 2a 
(prospective hospital-based studies) and 12 were level 1b 
(retrospective community-based studies). The details of 
each study are shown in Tables 2, 3 and 4. 


Pooled mortality 


The overall pooled estimate of operative mortality rate for 
all 171 studies in the analysis was 48 (95 per cent confidence 
interval (c.1.) 46 to $0) per cent. There was considerable 
heterogeneity between study results on the log odds scale 
(Q = 996-4 on Yxiro (P < 0-001), between-study vari- 
ance = 0-17 (method of moments). The method of 
classifying operative mortality had little effect on the 
estimated mortality rate (Table 5) and heterogeneity was 
present within each classification (P < 0-001 in all cases). 
The intraoperative mortality rate, estimated from the 77 
studies that reported it, was 15 (95 per centc.i. 13 to 17) per 
cent; again heterogeneity was present (Q = 330-4 on y3¢ 
(P < 0.001), between-study variance = 0.32), Using these 
77 studies, the postoperative mortality rate (the percentage 
of patients who survive surgery but subsequently die) was 
estimated to be 40 (95 per cent c.i. 37 to 43) per cent 
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(Table 5) (Q = 292-1 on x24 (P < 0-001), between-study 
variance = 0-18). In the 66 studies that reported the gender 
ratio of their study population, the mean percentage of 
females undergoing surgery was 13 (range 0-30) per cent. 


Meta-regression analysis 


Including mid-date of study as a co-variate in a meta- 
regression model suggests an approximately linear constant 
reduction in operative mortality over the 50 years of 
practice covered by the literature (171 studies, P = 0-001) 
(Fig. 3). The regression equation (s.e. in parentheses) is 
In (odds death) = 27-44(8-19) ~ 0-0139(0.0041) x mid- 
date. When the regression line is transformed on to the 
proportion scale (Fig. 3), this translates into a 3-5 per cent 
reduction in mortality per 10 years over the analysis period. 
After accounting for this source of between-study hetero- 
geneity, residual heterogeneity remained with the between- 
study variance being estimated as 0-21 (restricted maximum 
likelihood estimate, value for method of moments is 0-1 5) 

To determine whether the observed improvement in 
operative mortality rate is due to changes in intraoperative 
or postoperative factors, meta-regression analyses of intra- 
operative and postoperative mortality including mid-date of 
study as a co-variate were performed using the 77 papers 
that quoted intraoperative death rates. Little evidence of an 
association between intraoperative mortality and mid- 
date was observed (slope coefficient(s.e.) = 0-005(0-008), 
P = 0.53), suggesting that it has remained approximately 
constant over the period of the analysis (Fig. 4). Although 
this suggests that the improvements in overall mortality are 
likely to be due to improvements in postoperative care 
rather than operative technique, meta-regression analysis of 
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Table 3 Studies quoting 30-day mortality in chronological order according to mid-date of study 





Values in parentheses are percentages. “Also gave in-hospital mortality (see Table 2) 


postoperative mortality similarly did not demonstrate 
any significant change over time either (slope coeth- 
cient(s.e.) = — 0-004(0-006), P = 0-50). In fact, taken in 
isolation, these 77 papers showed little evidence of a 
relationship between overall operative mortality and mid- 
date of study (slope coefficent(s.e.) = — 0-002(0.007), 
P = 0-73). However, the estimated operative mortality 
from these studies is 49 (95 per cent c.i. 46 to 50) per cent, 
which is very similar to that estimated from the overall 
analysis. The lack of an association between this subgroup 
of studies and mid-date of study could be explained by the 
reduced power of the analysis compared with that using all 
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studies!®*, or may be due to the studies representing a 
selectively biased subgroup, for which there is good 
evidence (see ‘Assessment of publication bias’ below). 

Average age (47 studies) was not associated with overall 
operative mortality (slope(s.e.) = - 0-019(0-033), P = 0-56), 
and neither was the proportion of women (66 studies) 
(slope(s.e.) = — 0-577(1-303), P = 0.66), but there was a 
positive association between intraoperative death rates and 
the proportion of women (32 studies, slope(s.e.) = 
4.450(1-940), P = 0-02). Intraoperative death rates were 
not associated with age (25 studies, slope(s.e.) = 
0-045(0-051), P = 0-38). 
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Table 4 Studies that did not define mortality in chronological order according to mid-date of study 


: “Year of 


Reference publication no 
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Table 5 Operative mortality rate estimates by method of 
classification and intraoperative and postoperative mortality 
rate estimates 





Values in parentheses are 95 per cent confidence intervals 
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Fig. 3 Meta-regression plot of mid-date of study against 
operative mortality. Outer lines are 95 per cent confidence 
intervals (171 studies, P = 0-001 for gradient of zero). Circles 
represent individual studies; the size of the circle is proportional 
to the inverse of the variance of the mortality estimate for that 
study, indicating the relative influence in the meta-analysis 


The 41 studies that reported both average age and 
proportion of women demonstrated a significant relation- 
ship between these two factors; studies with a high 
proportion of women had a higher average age (P = 0-02 
using standard linear regression). The number of patients 
turned down for surgery (expressed as a percentage) was not 
associated with operative mortality (28 studies, P = 0-51) or 
intraoperative mortality (12 studies, P = 0-68). The 77 
studies that quoted the average age of patients undergoing 
RAAA repair suggest that this has increased over time 
(Fig. 5). A quadratic curve fitted the relationship well, 
indicating that average age has reached a plateau in the past 
decade. 


Assessment of study quality 
Thirty-nine studies were multicentre and the remaining 


132 were conducted in a single centre. Little difference was 
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Fig. 4 Meta-regression plot of mid-date of study against 
intraoperative mortality. Outer lines are 95 per cent confidence 
intervals (77 studies, P = 0-53 for gradient of zero). Circles 
represent individual studies; the size of the circle is proportional 
to the inverse of the variance of the mortality estimate for that 
study, indicating the relative influence in the meta-analysis 
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Fig. 5 Scatter plot of mid-date of study against age (47 studies, 
R? = 0-40, P = 0-02) 


observed between the overall operative mortality rates for 
these types of study (48 (95 per centc.i. 45 to 50) per cent for 
the single-centre versus 49 (95 per cent c.i. 44 to 55) per cent 
for the multicentre studies; P = 0-52). Five studies used 
coded computerized records. Although this was a small 
proportion of the total number of studies, there was some 
evidence that mortality rates were lower in the coded 
records group (45 (95 per cent c.i. 35 to $6) versus 48 (95 per 
cent c.i. 46 to 50) per cent; P = 0-10). The subgroup of 149 
studies that were categorized as Blankensteijn level 2b had a 
pooled mortality rate of 48 (95 per cent c.i. 38 to 59) per cent 
compared with 52 (95 per cent c.i. 39 to 65) per cent for the 
ten level 2a studies and 43 (95 per cent c.i. 36 to 50) per cent 
for the 12 level 1b studies. Hence, there would appear to be 
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Fig. 6 Funnel plot of operative mortality for all 171 studies 
included in analysis 


potentially some differences in estimates for overall 
mortality for different subgroups, but the very uneven 
spread of studies across these subgroups with one category 
always dominating makes interpretation difficult. 


Assessment of publication bias 


A tunnel plot for all 171 studies included in the analysis 
examining overall operative mortality was constructed in 
order to assess the degree of publication bias (Fig. 6). 
Briefly, any asymmetry around a vertical axis may indicate 
the presence of such bias'*’. This plot was highly 
symmetrical, indicating that publication bias is unlikely to 
have an important influence on the overall analysis of 
operative mortality. However, when a similar plot was 
constructed for intraoperative mortality (n = 77) (Fig. 7a), 
extreme asymmetry was evident indicating possible bias. 
The suspected ‘missing’ studies, in the bottom right hand 
corner of the plot, correspond to those that would report a 
high intraoperative mortality rate. 

Using the method of trim and fill, prediction of 
potentially missing studies was attempted (adopting a 
fixed-effect model and using the estimator previously 
described as Ly!’ for the missing studies). For the overall 
analysis of operative mortality this predicted no missing 
studies, but for intraoperative mortality 29 missing studies 
were predicted (Fig. 7b). If those studies that are potentially 
missing are imputed into the analysis, the result for the 
random-effect pooled estimate of intraoperative mortality 
rate changes from 15 (95 per cent c.i. 13 to 17) to 20 (95 per 
cent c.i. 18 to 23) per cent. 

For completeness, funnel plots adjusted by the co-variate 
midpoint of study (by plotting the residuals from the 
corresponding meta-regression models) to remove any 
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Fig. 7 Funnel plots for intraoperative mortality showing a 
studies in the analysis (filled circles, # = 77) and b with the 
addition of those predicted to be missing by trim and fill method 
(open circles, 7 = 29) 


distortion caused by this known outcome modifier were 
examined. The visual impact of these funnel plots, and the 
results of trim and fill, were virtually identical to the 
unadjusted funnels, ind:eating that the effect of time was not 
an explanation for funnel appearance (plots and analyses not 
shown). Additionally, funnel plots were constructed for 
overall mortality for those studies that did, and did not, 
report intraoperative mortality. These funnels were reason- 
ably symmetrical (plots not shown). 


Discussion 


Results 


This study demonstrates that, since RAAA repair was first 
described 50 years ago, the operative mortality reported in 
the published literature is approximately 48 per cent. This is 
the overall figure for all reports from this entire time period. 
As this figure has shown a gradual reduction over time, 


© 2002 Blackwell Science Ltd 


MJ Bown, A J Sutton, P. R F. Bell and R. D. Sayers ¢ Fitty years of ruptured abdominal aortic aneurysm repair 723 


operative mortality at the start of the analysis period was 
higher than 48 per cent, and 1s now lower. Using the 
regression line shown in Fig. 3 the operative mortality rate 
estimate for 1960 is 55 per cent, for 1980 is 48 per cent and 
for 2000 is 41 per cent. This improvement over time is not 
likely to continue at the same rate since this would imply 
that eventually the operative mortality of RAAA repair 
would become zero. It is more likely, if future figures were 
to be plotted on the same ares, that the slope of the 
regression line would become less steep, tending eventually 
to a lower limit. The timescale over which this may occur, or 
the lower limit to which operative mortality will reach, 
cannot be estimated from this study. If it were possible to 
identify the causes of this gradual improvement over tume it 
may be possible to accelerate this improvement by targeting 
these factors. 

Progressively increasing numbers of women and elderly 
patients have undergone RAAA repair over the analysis 
period. No association was found between the operative 
mortality of RAAA repair and average age, gender or the 
number of patients turned down for surgery by the 
operating surgeon. However, because of missing data, the 
numbers of studies contributing to the meta-regression 
analyses was often greatly reduced, and inadequate statis- 
tical power cannot be ruled out as the explanation for the 
lack of associations found'**. Female sex, but not increasing 
age, was associated with an increased #tracperatrve mortal- 
ity rate. Despite the increase in numbers of women 
undergoing surgery, overall intraoperative death rates did 
not change over time. These conclusions relating to 
intraoperative mortality should be viewed with caution, 
however, because of the potentially biased sample of data it 
is based on, as suggested by the publication bias assessment. 

Patients who survive RAAA repair often have a prolonged 
hospital stay and are resident for long periods on critical 
care wards at considerable financial cost. Given the 
persistent high mortality rate demonstrated, this may lead 
some readers to the conclusion that the cost in relation to 
benefit of RAAA repair is too high to justify continuing to 
operate on these patients. However, this study also 
demonstrates that currently about 59 per cent of patients 
will survive and, since these patients have a long-term 
survival similar to that of the general population’™, surgery 
seems justified. Also, a recent study by Patel et a? 
demonstrated that the cost per quality-adyusted life year 
(QALY) gained was US $10 754 (apprommately £7347, 
October 2001) which was similar to that for a three-vessel 
coronary artery bypass graft (US $9500 (approximately 
£6490) per QALY gained), and that RAAA repair is cost- 
effective if the operative mortality rate is less than 88 per 


cent. 
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There was a large degree of heterogeneity (which 
necessitated use of a random-effects model) among the 
studies included in the analysis, with operative mortality 
varying from as low as 0 per cent'™* to as high as 94 per 
cent’*. Some studies with more extreme mortality estimates 
had very small numbers but others had relatively large 
numbers’”’””*°!, One study in particular was identified as 
having particularly extreme values despite containing a 
large number of patients’*®. This can be seen as the high 
outlier in the middle of Figs 3 and 5, and also as the top right 
outlier in Fig. 7. Re-examining this paper, the data 
presented could be interpreted in ways other than that 
used in the analysis. However, since excluding this study and 
repeating the analysis caused very little change to the results 
compared with those presented above, it has remained ın the 
analysis. It may represent an extreme of the heterogeneity 
seen in the analysis as a whole. 

The reasons for the heterogeneity are not clear. Many 
factors unique to one particular centre may affect the results 
from RAAA repair in that centre. For example, local 
differences in the socioeconomic status of the patient 
population, healthcare resources and vascular surgical 
subspecialization may all affect outcome, and so different 
centres are likely to have different figures. Therefore, while 
the figures derived from the present study are a useful guide, 
local audit should be maintained to determine local 
estimates. 


Potential biases 


While every effort was made to ensure that all literature on 
RAAA was reviewed for possible inclusion in the analysis, it 
is possible that some eligible studies may have been missed 
on either electronic or manual literature searches. While 
the inclusion of any potentially missed studies is desirable, 
probably much more serious is the suspected selective 
outcome reporting suggested by the publication bias 
assessment’””. The fact that little bias was evident in the 
overall analysis but considerable bias was present when 
examining a subgroup suggests that, while most authors 
report general figures accurately, if detailed figures do not 
reflect well upon themselves (high intraoperative mortality 
rate), they may be tempted not to include these in their 
report. 

Further data obtained from the sensitivity analysis 
support this. There was no difference between the multi- 
centre and single-centre studies in the values for operative 
mortality, but the single-centre studies had a lower estimate 
for intraoperative mortality, similar to that obtained from 
the overall analysis. The estimate for intraoperative 
mortality for the multicentre trials was similar to that 
obtained using a trimmed and filled estimate after the 
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identification of potential bias in the group of studies 
reporting intraoperative mortality. It may be that single 
centres with high intraoperative mortality rates are 
selectively not reporting these when reporting their figures 
for operative mortality. It is possible, since the figures from 
individual centres are usually anonymized when part of a 
multicentre study, that there is no potential for any 
particular institution to be discredited and so mortality 
rates are more likely to be reported accurately. 


Inferences 


It is not possible to explain whether the temporal change in 
operative mortality seen in this study is due to postoperative 
or intraoperative factors. The potential publication bias in 
the subgroup of studies reporting intraoperative mortality 
severely limits the strengths of any conclusions drawn from 
these data. 

‘The failure significantly to improve operative mortality 
over time may be due to increasing numbers of elderly 
patients being admitted to surgery. The lack of association 
between increasing age and mortality is unexpected. 
Reports focusing on elderly patients have reported the 
operative mortality rate in this group as 58-68 per 
cent!” significantly higher than the operative mortality 
estimate in the present study. The average ages in this 
analysis are much less than 80 years, and it may be that 
elderly patients are being routinely excluded from surgery 
unless part of a clinical study examining this particular 
patient group. While the inclusion of studies that examined 
elderly patients may have increased the ability of this study 
to identify the expected association between age and 
mortality, 1t potentially would have altered the estimate 
for the primary outcome measure of the study, the operative 
mortality of RAAA repair. 


Further research 


The large volume of literature on the subject of RAAA 
would appear to make it an ideal subject for meta-analytical 
techniques. Many studies of RAAA focus on predictors of 
mortality”, differences between dedicated vascular and 
‘general’ surgeons’’, and operative techniques! ®t, 
During the conduct of this study data were extracted from 
each paper that identified predictors of mortality in its 
patient group. Also, factors such as specialization of the 
surgeon and whether surgery was performed in secondary 
or tertiary referral centres were recorded where available. 
While it was hoped that these data might elucidate the 
factors responsible for high mortality rates, the small 
numbers of articles giving such data and the variability in 
reporting of the data meant that any analysis would have 
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been meaningless. The institution of prospective national 
audit, such as that of the Vascular Surgical Society of Great 
Britain and Ireland, is likely to prove more useful in this 
respect. 

Issues arising in the process of carrying out this meta- 
analysis lead the authors to make some recommendations 
for the future reporting of outcomes in surgical research. 
Sixty articles did not give a definition of mortality and 30 
articles were not included in the analysis since they did not 
give an explicit definition for RAAA. If reporting had been 
slightly more detailed on these two accounts more studies 
may have been included in the meta-analysis and more 
precise results obtained. The funnel plot for the assessment 
of publication bias in studies reporting intraoperative 
deaths (Fig. 7#) suggests that many papers with high 
intraoperative mortality are either not published or the 
figures themselves are not reported. It is more difficult to 
recommend a workable solution to this problem, especially 
as measures taken to alleviate publication bias in the 
randomized trial literature, such as prestudy registration, 
are not feasible in this or other contexts where the evidence 
is primarily observational. 

The amount of repeated publication of data was 
surprising. The inclusion of covertly duplicated publica- 
tions has been shown to affect the results of meta- 
analyses'”°, While comparison of figures from the same 
institution for different time periods is often useful to allow 
inferences regarding the effect of policy changes to be made, 
a more open acknowledgement of whether these data have 
been published previously is recommended to avoid 


« 


allegations of covert dual publication. 


Conclusion 


This study demonstrates that RAAA is one of the most 


significant challenges facing healthcare services today; it is 
likely to become even more important in the future. The 
authors have highlighted the high operative mortality rate 
among patients who reach hospital alive and, in contrast to 
other recent studies!?”"!°*, have demonstrated a limited, but 
definite, improvement in operative mortality over time. The 
effects of changes in the demographic features of patients 
undergoing surgery on operative mortality rates are not 
clear from this study. It makes clinical sense that older 
patients have a higher operative mortality rate than younger 
patients and, while no statistically significant relationship 
between age and operative mortality was demonstrated, this 
does not mean that an association does not exist. It is 
entirely plausible that the increase in the average age of 
patients over time may explain the limited reduction in 
mortality observed. 
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Background: This study evaluated the costs of acute normovolaemic haemodilution (ANH) and 
intraoperative cell salvage (ICS) versus homologous blood transfusion in aortic surgery in a prospective 
multicentre randomized trial. 

Methods One hundred and forty-five patients were randomized either to standard transfusion practice 
(homologous) or to a combination of ANH and ICS (autologous). Costs for each inpatient admission 
were identified. Cell salvage costs were assigned on the assumption that 50 operations were done each 
year employing a trained cell salvage operator. The results were analysed statistically using bias- 
corrected bootstrap analysis. 

Reeulte: Patients who had transfusion of homologous blood received some 251 units and those having a 
homologous transfusion received 103 units (P = 0-008). There was no difference in morbidity, mortality 
and duration of hospital stay. Transfusion-related mean costs were similar at £340 for patients having a 
homologous transfusion and £357 for those receiving autologous blood (mean difference £17 (95 per 
cent confidence interval (c.L) -£184 to £174); P not significant). There was also no significant difference 
in mean overall costs: 25859 for homologous and £5384 for autologous transfusion (mean difference 
—2475 (95 per cent c.i. ~22231 to £1342)). Sensitivity analysis showed that costs remained similar for 20 
and 150 operations per annum. Exclusion of a dedicated cell salvage operator reduced autologous 


transfusion costs but did not have a significant impact on overall cost. 
Conotuelon: Autologous transfusion is cost neutral in aortic surgery even when surgical activity is low. 


Paper accepted 21 January 2002 


Introduction 


Autologous blood transfusion reduces homologous blood 
requirements in elective aortic surgery’*, but the cost 
effectiveness of this approach remains unproven’~’. The 
NHS Executive in the UK has recommended the imple- 
mentation of autologous blood transfusion, by cell salvage 
in particular®, but surgeons are reluctant to change 
transfusion practice without conclusive evidence”. In a 
recent systematic review, the majority of economic evalua- 
tions of intraoperative cell salvage (ICS) were of poor 
quality and frequently failed to account for the staff costs 
and maintenance of cell salvage devices’®. 

Autologous Transfusion In Surgery (ATIS) was a 
randomized trial that addressed the role of autologous 
transfusion — a combination of acute normovolaemic 


haemodilution (ANH) and ICS — in elective aortic 
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surgery’. This paper compares the cost of autologous 
transfusion in aortic surgery to standard (homologous) 
transfusion practice. 


Patients and methods 


Following ethics committee approval and fully informed 
consent in writing, sequential patents undergoing elective 
infrarenal aortic surgery in eight hospitals in the north-west 
of England were recruited. Inclusion and exclusion criteria 
are listed in Table 1. Randomization to homologous or 
autologous transfusion was stratified by computerized 
minimization for hospital, occlustve or aneurysmal! aortic 
disease, antiplatelet or anticoagulant drugs, and estimated 
blood volume. This stratification allowed a balanced 
distribution of factors that could influence transfusion 
requirements. 
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Table 1 Inclusion and exclusion criteria 





PaO, arterial partial pressure of oxygen; FEV), forced expiratory volume in | s 


Autologous transfusion 


All patients receiving autologous transfusion underwent 
ANH after induction of anaesthesia to a target haemoglobin 
concentration of 11 g/dl, as described previously?! 
Blood lost during the procedure was salvaged using one of 
three centrifugal cell salvage devices: Haemonetics” Cell 
Saver” 5 (Haemonetics, Braintree, Massachusetts, USA), 
i Cardiovascular, Arvada, Colorado, 
USA) or Fresenius CATS (Fresenius Kabi, Bad Homburg, 
Germany), with comparable efficacy in red cell recovery 
under standard conditions’ ™??, 


Transfusion triggers 


Whenever salvaged red cells or whole blood units from 
haemodilution were available, they were given first in 
patients receiving autologous transfusion. Under all other 
circumstances, homologous blood was administered when 
the haemoglobin concentration fell below 8 g/dl or when 
ischaemic electrocardiographic changes (2-mV ST segment 
elevation or depression on three-lead monitoring or 12-lead 
trace) persisted after correction of hypovolaemia. 


Data collection and analysis 


Data were collected prospectively from admission to 
discharge. The study adopted an NHS viewpoint, account- 
ing only for costs and benefits accrued or incurred by the 
hospital (costs and benefits in primary care were not 
considered). All costs for each hospital episode were 
identified and enumerated for the financial year 1999- 
staff, capital and consumables. These included ward stay, 
drugs, theatre time and consumables, diagnostic tests, 
homologous blood and cross-matching, transfusion con- 
sumables, cell salvage machine costs and maintenance 


British Journal of Surgery 2002, 89, 731-736 www. bjs.co.uk 


contracts. As variables related to costs are seldom normally 
distributed, the mean should not, as a rule, be used as a 
descriptive statistic and non-parametric tests would be 
appropriate. From a financial health planning standpoint, 
however, median costs are relatively meaningless. There- 
fore, a bias-corrected bootstrap analysis was used, a 
validated method for calculating confidence intervals (c.i.) 
of the mean on these data! 

Data were expressed as means, mean differences and 95 
per cent ci. To ensure generalizability of the results, 
sensitivity analyses were conducted to evaluate the impact of 
different levels of activity and different cell salvage devices. 
It was assumed that small vascular units would perform 
approximately 20 aortic reconstructions per annum, aver- 
age units would perform approximately 50 operations per 
annum, and large units approximately 150 per annum. 
Continuous variables not related to cost were expressed as 
medians and ranges or interquartile ranges (i.q.r.), and 
compared with the Mann-Whitney U test. 


Theatre costs 


A common theatre cost was not assumed, as the transfusion 
method (in particular ANH) may influence theatre times. 
Theatre costs were calculated using the duration for each 
procedure, and including each member of staff present. An 
overhead was then apportioned by staff grade and time. 
Staff costs were obtained from Netten and Curtis”. The 
costs of consumables were obtained from regional supplies 
catalogues, 


Transfusion-related costs 


The cost of autologous transfusion included ANH con- 
sumables and the purchase and operation of a cell salvage 
device (consumables, staff, maintenance and capital cost}. 
The cost of blood bags for ANH was obtained from Baxter 
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Healthcare (Newbury, UK). The cost of ceil salva ge devices 
was obtained from suppliers’ list prices and converted into a 
net present value based on an annuity factor of 6 per cent 
(UK Treasury guidance) and a capital lifespan of 8 years. 
Maintenance costs were based on service agreements 
stipulated by South Manchester University Hospital 
(SMUH) with the relevant contractors. Cell salvage 
consumable costs were obtained from the manufacturers’ 
list prices (Table 2). For each patient, cell salvage costs 
specific to the device used for that individual were assigned 
on the assumption of an activity of 50 operations per annum 
with the provision of a cell salvage nurse (midpoint F grade) 
who was charged at pro rata costs based on the time it took to 
set up, complete each procedure and clear up afterwards. It 
was assumed that any personnel involved in the treatment of 
a given patient (including the cell salvage operator) would 
proceed with other duties once the operation was over. 

The cost of homologous blood (£78-88 per unit) was 
obtained form the Manchester Blood Transfusion Service. 
All blood-giving sets were accounted for and cross-match 
charges (£17-92 per test) were obtained from the SMUH 
pathology department. 


Ward stay 


Ward and intensive care costs were supplied by the finance 
departments of each participating hospital. These were 
attributed by ward type to reflect patient location, intensity 
and nature of care. Costs included standard tests, consum- 
ables, staff and overheads, representing an average daily 
charge. This was then multiplied by length of stay to give a 
total ward stay cost. 


Complications 


The costs of extra diagnostic tests and treatment of 
complications were from the SMUH finance department. 


Tabie 2 Comparison of costs of cell salvage devices 
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Based on activity of 50 eperations per annum. Annual capital costs 


calculated with en annuity factor of A per cent and a life of # years 
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‘These were incurred over and above a standard hospital stay 
or episode. Drug costs were obtained from the British 
National Formulary. 


Results 


Clinical outcome 


Some 197 patients were screened for the trial and 145 were 
included over 30 months’. Seventy-one patients were 
randomized to standard homologous transfusion and 74 
to autologous transfusion. Thirty-four underwent aorto- 
bifemoral bypass and 111 had aortic aneurysm repair. The 
clinical results of the ATIS trial have been reported 
elsewhere’*!?. In summary, median blood loss during 
operation was 1000 (1.q.r. 688-1734) ml in patients receiv- 
ing homologous blood and 921 (661-1374) ml in those 
receiving autologous transfusion (P = 0.37). The median 
packed red ceil volume reinfused following cell salvage was 
415 (q.r. 225-543) ml, equivalent to more than | unit of 
homologous blood as the haematocrit of reinfused red cells 
was approximately 65 per cent. Patients randomized to 
homologous transfusion received a median of 2 (i.q.r. 0- 
4) units of homologous blood (total 251 units), compared 
with 0 (0-2) units in the autologous transfusion group (total 
103 units) (P = 0-008). Median theatre time was 205 (q.r. 
170-231) min for homologous and 195 (162-238) min for 
autologous transfusion procedures (P = 0-86). There were 
no differences in mortality or postoperative complications. 
Median postoperative hospital stay was 9 (i.q.r. 7—12) days 
in patients having homologous transfusion and 10 (8- 
13) days in those receiving autologous blood (P = 0-17). 
Median intensive care requirement was | (range 0-25) days 


in both groups (P = 0-89). 


Costs 


Assuming an activity of 50 patients per annum and the 
provision of a cell salvage operator, there was no significant 
difference in the mean cost of treatment for homologous or 
autologous transfusion (£5859 versus £5384 respectively). 
The majority of the total cost was due to intensive care and 
ward stays: transfusion accounted for only 6 and 7 per cent 
of the total in homologous and autologous transfusion 
groups respectively (Fig, 1). Breakdown of the costs showed 
no significant differences between the transfusion strategies 


(Table 3), 


Sensitivity analyses 


The exclusion of a dedicated cell salvage operator had no 
influence on the overall results, with cost equivalence being 
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Fig. 1 Mean costs for a homologous and b autologous 
transfusion policies 


maintained. Similarly, reducing activity to 20 operations 
per annum, or increasing activity to 150 operations per 
annum, had little impact on costs (Table 4). Analysis of 
transtusion-related costs in isolation also failed to show 
significant cost benefits for one particular strategy (results 
not shown). 

Despite the differences in capital, disposable and main- 
tenance costs for the three cell salvage devices (Table 2), 
there was no financial advantage for one system over 
another. Assuming all operations were performed exclu- 
sively with one system, the mean differences compared with 
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Table 3 Cost analysis: autologous versus homologous transfusion 


Values in parentheses are 95 per cent confidence intervals. Costs based 


on activity of 50 operations per annum and provision of a dedicated cell 


salvage operator 


a cell salvage operator: autologous LEMSUS homologous 
transfusion 





Values in parentheses are 93 per cent confidence intervals 


homologous transfusion were a reduction in cost of £468 
(95 per cent c.i. - £2383 to £1143) for the Haemonetics? 
Cell Saver” 5, £449 (- £2341 to £1325) for the Cobe? 
BRAT® 2, and £421 (— £2173 to £1 229) for the Fresenius 
CATS; the latter two systems were slightly more expensive 
to run. 


Discussion 


‘This study showed that the cost of aortic surgery with ANH 
and ICS was equivalent to that with standard homolo gous 
blood transfusion. Furthermore, there were no differences 
between the costs of homologous and autologous transfu- 
sion, whether or not a dedicated cell salvage operator was 
employed. Given the minimal cost differences between 
transfusion strategies demonstrated by this study, more 
than 1000 patients would need to be studied to demonstrate 
a staustically significant difference with approximately 80 
per cent power (exact numbers would vary according to the 
level of surgical activity chosen). Although a much larger 
multicentre trial might ensure a fast recruitment, such 
numbers would represent well over a decade of activity for 
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most hospitals individually. In this interval, changes in costs 
due to inflation, advances ın technology and delivery of care 
would certainly outweigh the importance of this difference. 
Therefore, even assuming that a small difference in cost 
could be demonstrated, this would probably be irrelevant to 
financial planning. 

Previous studies of autologous transfusion in aortic 
surgery generally lacked controls and assumed that the 
reinfusion of | unit of cell salvage blood equated to 1 unit of 
homologous blood saved**")®, 

The cost of aortic surgery in this study was comparable to 
that in previous reports from the UK'®. The study also 
confirmed that the largest single expense associated with 
this type of operation is the time spent in intensive care””, 
with transfusion costs accounting for only 6-7 per cent of 
the total expenditure. Not surprisingly, therefore, the use of 
different cell salvage devices and the inclusion of a dedicated 
cell salvage operator would have impacted on the overall 
costs only if there had been a difference in the frequency of 
complications or the duration of hospital stay. For the 
purpose of this evaluation it was necessary to make 
assumptions of surgical activity to attribute cell salvage 
costs. In reality, however, a cell salvage device would not be 
used exclusively for one surgical procedure. Running costs 
would be further diluted by cell salvage being available for 
ruptured aneurysms, where its value is undisputed?’. 

Although some authors have reported improved outcome 
with autologous transfusion”*, mortality and morbidity in 
the present study were not influenced by transfusion 
technique?**!!, 

These results are in disagreement with published 
theoretical modelling suggesting that cost equivalence 
with autologous transfusion can be achieved only by a 
reduction in hospital stay of up to2 days”. Recent increases 
in the cost of homologous blood in the UK** have a 
profound influence on any such comparison. 

The low recruitment rate in this trial may cast doubt on 
the generalizability of the results. Several issues explain this 
low recruitment. Not all participating centres recruited for 
the whole 30 months; two hospitals in particular stopped 
recruitment after two and five operations respectively, after 
the participating surgeon left in one and the provision of 
vascular services was halted in the other. Patients were 
screened for inclusion only if facilities for autologous 
transfusion were available on the day the operation was 
scheduled. Approximately three-quarters of those screened 
were randomized; more importantly, only ten patients (5 
per cent of those screened) were rejected on the grounds of 
systemic co-morbidity’. 

The cost equivalence of homologous and autologous 
transfusion implies that the choice of transfusion strategy 
should be made exclusrvely on the basis of optimal clinical 
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care. Concerns about availability of blood products and 
patient preference, however, may influence this decision. 
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Background: Many patients with peripheral vascular disease have coincident renal artery stenosis. The 
present study characterized the natural history of the condition. 

Methode Some 98 patients (71 men) with more than 50 per cent atherosclerotic renal artery stenosis 
(unilateral 64, bilateral 34) were recruited prospectively. Measurements of serum creatinine, blood 
pressure and renal size were recorded at baseline and every 6 months, for a minimum of 2 years. 
Reeulte: Data were available for 85 patients with a minimum follow-up of 2 years. The mean age was 71 
(range 51-87) years. All 52 patients with unilateral renal artery stenogis were managed conservatively 
(group 1); 21 of the 33 patients with bilateral disease had no intervention (group 2) and the remaining 
12 had angioplasty or reconstruction (group 3). The overall mortality rate was 32 per cent at 2 years (27 
patients) and this was similar in all three groups. In only three patients was death related directly to 
renovascular disease; coronary disease accounted for the majority of deaths. All three patients who 
needed dialysis died within 1 year. In survivors from groups 1 and 3 there was a significant increase in 
serum creatinine concentration at follow-up. Blood pressure did not increase significantly. 

Conclusion: Patients with renal artery stenosis and peripheral vascular disease had a poor prognosis, 


but this was not directly attributable to renal failure. 


Paper accepted 27 March 2002 


Introduction 


Renal artery stenosis (RAS) is due to atherosclerosis in 90 
per cent of patients’. It is an important cause of progressive 
renal failure and renovascular hypertension. Athero- 
sclerosis 1s often widespread in these patients, who have 
concurrent cardiac, cerebrovascular and peripheral vascular 
disease. RAS has been observed in up to 50 per cent of 
patients who have angiography for peripheral vascular 
disease’. Its true prevalence is unknown, but autopsy studies 
show an incidence of moderate or severe RAS of 53 per 
cent’. 

RAS progresses if left untreated and 11 per cent of 
stenoses greater than 60 per cent occlude within 2 years“. 
Approximately 40 per cent of patients with critical RAS have 
a decrease in glomerular filtration rate of more than 25 per 
cent’. The inverse of serum creatinine has been plotted as a 
linear decrease over time’. Progressive deterioration in 
renal function appears to be common. 
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Recent studies have highlighted the potential role of 
revascularization in preventing the progression of ischae- 
mic nephropathy and renovascular hypertension®”’°. There 
is no consensus regarding selection of patients for 
revascularization. Few studies have demonstrated an 
improvement in survival compared with patients managed 
conservatively. The natural history of RAS remains unclear 
and in the clinical setting it presents a management dilemma 
when discovered incidentally. 

The current study aimed to document the medium-term 
outcome in patients with RAS diagnosed during angiogre- 
phy for peripheral vascular disease; clinical disease progres- 
sion, intervention and mortality rates were examined. 


Patients and methods 


This was a prospective multicentre observational study with 
participation from hospitals in the Joint Vascular Research 
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Table 1 Outcome for 85 patients with renal artery stenosis after a minimum follow-up of 2 years 





Values in parentheses are percentages. All patients who had dialysis died 


Group. Between 1994 and 1998, 98 patients were enrolled 
for longitudinal follow-up. 

All patients had undergone angiography for peripheral 
vascular disease and were found incidentally to have 
significant RAS (greater than 50 per cent). Bilateral RAS 
was defined as either significant disease in both renal 
arteries, significant stenosis and contralateral occlusion or 
significant RAS in the presence of a solitary kidney. 
Measurements of renal size, serum creatinine and blood 
pressure, and use of antihypertensive drugs were recorded at 
baseline and at 6-month intervals. Renal artery intervention 
was undertaken at the discretion of the managing clinician. 

Patients were classified into three groups for analysis: 
those with unilateral renal artery disease managed without 
intervention (group 1), patients with bilateral disease 
managed without intervention (group 2) and patients with 
bilateral disease who had intervention (group 3). 

Endpoints were death or status at termination of the 
study. Statistical analysis was undertaken using SPSS 9.0 for 


- 


Windows (SPSS, Chigaco, Illinois, USA). 


Results 


Ninety-eight patients (71 men) were recruited; 34 had 
bilateral RAS and the 64 unilateral stenoses were equally 
distributed between right and left sides. Complete data were 
available for 85 patients with a minimum follow-up of 
2 years (mean 2-5 years). The mean age of the patients was 
71 (range 51-87) years. All 52 patients with unilateral 
disease (group 1) were managed conservatively. Of the 33 
patients with bilateral disease, 21 were managed without 
intervention (group 2) but the remaining 12 had interven- 
tion with angioplasty or surgery (group 3). 

All 12 patients with bilateral disease who had intervention 
were men, with a mean age of 72 years. Most patients had 
intervention for salvage of renal function but one angio- 
plasty was done for successful control of renovascular 
hypertension and one for flash pulmonary oedema. Eleven 


British Journal of Surgery 2002, 89, 737-740 www. bjs.co.uk 


endovascular procedures were performed comprising nine 
angioplasties (one failure) and one bilateral renal artery 
stenting. Four kidneys had open revascularization by 
surgery (one bilateral aortorenal bypass during elective 
aortic aneurysm repair, one left aortorenal bypass and one 
left ileorenal bypass). 

After 2 years’ follow-up, the overall mortality rate was 32 
per cent; this was similar in the three groups (Table 1). In 
only three patients was death related directly to renovas- 
cular disease; coronary disease accounted for the majority of 
other deaths. All three patients who required dialysis died 
within 1 year. The mean number of antihypertensive drugs 
did not change significantly with follow-up. Renal size 
measured by transabdominal ultrasonography was found to 
be inconsistent owing to interobserver variability. Median 
blood pressure in survivors did not change significantly with 
follow-up (Fig. 1). In survivors from groups | and 3 there 
was a significant increase in serum creatinine at follow-up 
(P = 0-002 and P = 0-012 respectively, Wilcoxon signed 
rank test for paired observations) (Fig. 2). 

Nine of the 33 patients with bilateral disease had 
contralateral renal artery occlusion and two had a previous 
nephrectomy (one for renal cell carcinoma and one because 
of renal sepsis). Of the nine with contralateral occlusion, 
three patients underwent intervention (two angioplasties 
and one surgical bypass after failed angioplasty) for salvage 
of renal function and one underwent angioplasty for flash 
pulmonary oedema. The mean serum creatinine concen- 
tration at the time of intervention was 350 umol/l. Overall 
five of these nine patients died, three despite intervention. 
Only one death was related to end-stage renal failure. The 
two patients with a previous nephrectomy were alive at 2.5 
and 2 years without any intervention. 

Kaplan-Meier survival analysis was performed. ‘There 
was no significant difference in overall survival when 
patients with unilateral RAS were compared with all 
patients with bilateral RAS (log rank test statistic 0-01, 
P=0-91, 1 df.) (Fig. 3). Survival analysis for patients 
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Fig. 1 Median diastolic blood pressure during follow-up in 85 
patients with renal artery stenosis (RAS). Group 1, unilateral 
RAS; group 2, bilateral RAS without intervention; group 3, 
bilateral RAS with intervention. Horizontal bars, boxes and error 
bars represent median, quartiles and extreme values respectively 
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Fig. 2 Median serum creatinine during follow-up in 85 patients 
with renal artery stenosis (RAS). Group 1, unilateral RAS; group 
2, bilateral RAS without intervention; group 3, bilateral RAS 
with intervention. Horizontal bars, boxes and error bars 
represent median, quartiles and extreme values respectively. 

*P = 0.002, +P = 0-012 versus baseline (survivors) (Wilcoxon 
signed rank test for paired observations) 


managed medically revealed that there was no significant 
difference in survival between 52 patients with unilateral 
and 21 patients with bilateral RAS (log rank test statistic 
0-05, P = 0-82, 1 d.f.). Analysis of patients with bilateral 


AS demonstrated no significant difference in survival 
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Fig. 3 Kaplan-Meier survival plots for 85 patients with renal 
artery stenosis, comparing outcome for those with unilateral and 
bilateral disease 


between 12 patients who had intervention and 21 patients 
who were managed medically (log rank test statistic 0.07, 
P = 0.75, 1d.£). 


Discussion 


The association between peripheral vascular disease and 
RAS has been described before®’'. The male preponder- 
ance (72 per cent) in the present study reflects the higher 
percentage of men undergoing angiography for peripheral 
vascular disease. Other studies of angioplasty reveal sex 
ratios of 51-59 per cent’. 

No patient with a unilateral stenosis underwent inter- 
vention. The patients under study here were primarily 
under the care of a vascular surgeon and RAS was an 
incidental finding. Scoble eta/.'' reported an intervention 
rate of 30 per cent for unilateral RAS; their intervention rate 
for bilateral disease was twice that in the present study. 
These patients were under the care of a renal physician and 
presumably presented with renal impairment; they had a 
higher baseline mean creatinine than patients in the present 
study. 

Patients with bilateral stenosis who underwent interven- 
tion had a higher median serum creatinine level at baseline 
than those treated medically. The intervention group 
probably had a negative selection bias, whereby patients 
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with more severe demonstrable renal disease were treated. 
This may explain the similar mortality rate in the two 
groups, despite the potential advantage of intervention. 

Patients with contralateral renal artery occlusion had a 
slightly higher mortality rate (five of nine), unaffected by 
intervention, as has been described previously”. The higher 
mortality rate may reflect an advanced state of systemic 
vascular disease or poor renal reserve in the ipsilateral 
kidney. 

The poor overall survival demonstrated in this study is 
echoed by a recent retrospective study of 68 similar patients 
after a mean follow-up of 39 months'*. The majority of 
deaths were unrelated to renal causes. Vascular co- 
morbidity seemed to be the major determinant of long- 
term outcome. The burden on renal replacement services 
from the present cohort was not significant; the survivors 
appeared to have stable blood pressure and only moderate 
deterioration in renal function. 

Approximately one-third of patients with peripheral 
arterial disease and coexisting renal arterial disease in this 
study were dead within 2 years. Intervention to improve 
renal artery blood flow did not appear to have any impact on 
this outcome. Furthermore, although patient numbers were 
small, intervention did not appear to improve overall renal 
function, as assessed by serum creatinine measurement. 
Only patients with bilateral renal arterial disease in whom 
intervention was performed showed clinically significant 
deterioration in renal function after follow-up of 2 years. 
However, many of these patients initially had the worst 
renal function among all natients in the present study. 

A randomized controlled trial is still needed to determine 
whether renal revascularization confers any long-term 
benefit over medical management. There are a large 
number of confounding variables, and it is possible that 
intervention will only benefit a subgroup of patients. 
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Background: Ischaemia-induced angiogenesis occurs in critical leg ischaemia (CLI) and endothelin 
(ET) 1 may be involved in this process. The atm of this study was to quantify microvessels and study ET 
receptor expression and distribution in critically ischaemic leg muscle. 

Methods: Leg muscle biopsies were taken from 12 patients with CLI and 12 patients with no leg 
ischaemia. Microvessels were identified immunohistochemically on muscle sections, and the number of 
immrunopositive cells was quantified. ET, and ET, receptor messenger RNA (mRNA) expression was 
studied using real-time quantitative reverse transcriptase-polymerase chain reaction, and receptor 
Reeulte: The number of microvessels in CLI muscle biopsies was 2-6 times higher than that in controls 
(P < 0-01). ET, receptor mRNA expression and binding were significantly increased in CLI tissue 
(P < 0-05), while ET, receptor levels were not significantly raised. High-resolution autoradiography 
showed that ET receptor binding was associated with microvessels. 

Conolueton: Angiogenesis occurs in CLI and raised ET, receptors within the muscle were associated 
with microvesecls, suggesting that ET-1 may mediate angiogenesis via these receptors in critically 


ischaemic muscle. 
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Introduction 


Tissue hypoxia is a strong physiological stimulus for 
angiogenesis’ and ischaemia-induced angiogenesis has 
been shown to occur in animal models of skeletal muscle 
ischaemia”. Antocrine and paracrine substances play an 
important role in the process of angiogenesis, and many 
endogenous proangiogenic and antiangiogenic factors have 
been identified’. 

Endothelin (ET) 1 is a 21-amino acid peptide released by 
a variety of cells, including endothelial cells, with potent 
vasoconstrictor activity’. It also has mitogenic and pro- 
liferative properties on endothelial and vascular smooth 
muscle cells*”, and may therefore be a potential angiogenic 
factors. In addition, ET-1 production is stimulated by 
hypoxia®’ suggesting that it may promote angiogenesis 
under such conditions. Two main ET-1 receptor subtypes 
have been identified, ET, and ET, receptors®, which 
mediate the various effects of ET-1°. 


© 2002 Blackwell Science Led 


Brush Journal of Surgery 2002, 89, 741-747 


In patients with critical leg ischaemia (CLI), arterial 
insufficiency results in chronic muscle ischaemia and 
hypone. Increased ET-1 immunoreactivity has been 
demonstrated in muscle biopsies from these patients, 
suggesting that ET-1 may play a role in the pathophysiol- 
ogy of CLI’. 

The aim of this study was to quantify microvessels, and to 
study the expression and distribution of ET receptors in 
critically ischaemic and non-ischaemic leg muscle. 


Patients and methods 


Twelve patients undergoing major lower-limb amputation 
for CLI and 12 surgical patients with no significant 
peripheral vascular disease (controls) were studied. In the 
control group, six patients had total knee replacement 
for osteoarthritis and six had coronary artery bypass 


graft surgery, enabling access to the leg muscles during 
surgery. Significant peripheral vascular disease in the 
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control group was excluded by clinical history, examination 
and ankle : brachial pressure index (ABPI) measurement 
(patients with an ABPI of less than 0-9 were excluded). Local 
ethics committee approval and informed consent from each 
patient was obtained. 

‘The mean age of the patients with CLI was 76 (range 59- 
86) years. There were eight men and four women, and two 
were current smokers. In the control group, the mean age 
was 73 (range 59-85) years; there were four women and one 
smoker. 


Muscle biopsies 


Open muscle biopsies were taken intraoperatively from 
both groups of patients on exposure of the leg muscles. 
‘Tissue was frozen immediately on dry carbon dioxide for 
autoradiography, and in liquid nitrogen for reverse 
transcriptase~polymerase chain reaction (RT-PCR), and 
stored at — 70°C until use. In addition, tissue was also fixed 
by immersion in 10 per cent neutral-buffered formalin for 
immunohistochemistry. 

For autoradiography, 10-um serial cryostat sections were 
cut at -25°C and three sections from each muscle biopsy 
were sequentially thaw-mounted on to polylysine-coated 
microscope slides. Slides were coded for blinded analysis 
and stored at ~70°C until used. Similarly, formalin-fixed 
tissue was embedded in paraffin blocks; 6-um sections were 
cut on a microtome, mounted on to polylysine-coated slides 
and coded. 


Immunohistochemistry 


Immunohistochemistry was performed using the avidin- 
biotin complex (ABC) peroxidase method. Microvessels 
were identified on muscle sections using monoclonal 
antibodies against platelet-endothelial cell adhesion mole- 
cule 1 (CD31; Dako, Glostrup, Denmark) to identify 
endothelial cells and smooth muscle a-actin (a-SMA; 
Dako) to identify vascular smooth muscle. Briefly, sections 
were deparaffinized and rehydrated. For CD31, antigen 
retrieval was carried out by placing the sections in citrate 
buffer 0-01 mmol/l and = microwaving for 5 min”, 
Endogenous peroxidase activity was inhibited by immer- 
sion in 0-5 per cent hydrogen peroxide in methanol for 
10 min. Sections were then incubated in | per cent normal 
horse serum for 20 min to block non-specific binding, 
followed by primary antibody (anti-CD31 or anti-a-SMA 
diluted 1 : 100) in phosphate-buffered saline (PBS) for 1 h 
at room temperature. Sections were rinsed in PBS and 
incubated with biotinylated secondary antibody for 30 min, 
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followed by incubation in avidin—biotinylated horseradish 
peroxidase complex (Vectastain Elite® ABC kit; Vector 
Laboratories, Burlingame, California, USA) for 30 min. 
Peroxidase activity was revealed by applying diaminoben- 
zidine for 10 min. Sections were counterstained with 
haematoxylin, prepared for microscopic examination, and 
examined and photographed using an Olympus BX 50° 
(Olympus Optical, London, UK) microscope. 


Quantification of microvessels 


Microvessels were quantified in a blinded fashion by 
counting the number of CD31-positive cells within a 
100 x 150 um grid at x 200 magnification. Five random 
areas per section and three sections per biopsy were 
analysed. 


Endothelin receptor subtype messenger RNA 
expression 


Gene expression was studied using quantitative RT-PCR 
with real-time detection using Taqman™ probes (Applera 
Europe B.V., Rotkreuz, Switzerland). Total RNA was 
isolated from homogenized muscle biopsies using TRIzol® 
reagent (Invitrogen Life Technologies, Paisley, UKY 14. 
Equal amounts of total RNA from each sample were treated 
with ROI RNase-free DNase (Promega, Madison, 
Wisconsin, USA) and then reversed transcribed into 
complementary DNA (cDNA) using random hexamer 
primers (Roche, Mannheim, Germany), Moloney murine 
leukaemia virus reverse transcriptase (Invitrogen Life 
Technologies) and deoxyribonucleoside 5’-triphosphates 
(dNTP mix; Promega) according to the manufacturers’ 
instructions. 

The cDNA sample was then used for real-time quanti- 
tative PCR, performed with the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems, 
Foster City, California, USA) as previously described!*"*. 
Glyceralde-hyde-3-phosphate dehydrogenase (GAPDH) 
was used as the endogenous control. The primer and 
probe sequences used are shown in Table 1. The thermal 
cycling conditions were as follows: 50°C for 2 min twice 
and 95°C for 10 min, followed by 40 cycles of denaturation 
at 95°C for 15 sand annealing/extension at 65°C for 1 min. 
Samples were analysed in triplicate. 

Quantitative values were obtained from the threshold 
cycle number at which the increase in signal associated with 
an exponential growth of PCR products was detected (Cy). 
Each sample was normalized to its content of GAPDH 
(AC). ACr values were used for statistical analysis. In 
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Table 1 Primer and probe sequences used for quantitative reverse transcriptase-polymerase chain reaction 





GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ET, endothelin 


addition, results were expressed as N-fold differences in 
target gene expression between CLI muscle samples and 
control biopsies, determined as follows: 


—~(ACy sample — ACr control) 


N target = 2 


Autoradiography 


ET-1 receptors were identified using '**I-radiolabelled 
ET-1)°. ET, and ET, binding sites were assessed using the 
subtype-selective radioligands '*’I-labelled PD151242'° 
and '?*]-labelled BQ3020'’ respectively, as described 
previously’®. 

Autoradiographs were generated by exposing incubated 
tissue to Hyperfilm *H (Amersham Pharmacia Biotech, 
Amersham, UK) and used for densitometric analysis of 
receptor binding using a Bio-Rad GS-700 imaging densit- 
ometer with Molecular Analyst Software (Bio-Rad 
Laboratories, Hercules, California, USA). Binding was 
expressed in terms of radioligand bound per unit area 
(disintegrations per minute (d.p.m.) per square millimetre), 
calculated from standard curves generated by '**I-micro- 
scales (Amersham Pharmacia Biotech) that were co-exposed 
with tissue sections. Specific binding was calculated by 
subtracting non-specific from total binding. 

High-resolution autoradiography was performed using 
K2 nuclear emulsion (Ilford, Mobberley, UK) under 
darkroom conditions'’. Slides were stored in lightproof 
boxes for up to 8 days at 4°C. Emulsion was then processed 
following the manufacturer’s instructions. Underlying 
tissue was stained with haematoxylin and eosin for 
histological examination. Sections were viewed on an 
Olympus BX 50° microscope under bright and dark field 
illumination, and photographed where appropriate. 


Statistical analysis 
Results are presented as median values with 95 per cent 


confidence intervals. The two-tailed, non-parametric 


©2002 Blackwell Science Ltd 


Mann-Whitney U test was performed using Prism 3.0 
(GraphPad Prism 3.0°, San Diego, California, USA) with 
statistical significance inferred at P < 0-05. 


Results 


Immunohistochemical identification of microvessels 


CD31 and anti-aSMA immunostaining co-localized, con- 
firming the identity of microvessels. Microvessels appeared 
more abundant in ischaemic muscle biopsies than control 
muscle (Fig. 1). In addition, prominent clusters of micro- 
vessels were observed in ischaemic muscle but notin control 
tissue (Fig. 2). 


Quantification of microvessels 


The median number of CD31-immunopositive cells per 
grid area was higher in ischaemic muscle biopsies (9-8 (8-4 
to 12-4) microvessels per grid) than in controls (3-8 (3-6 to 
4.4) microvessels per grid) (P < 0-01, n = 12) (Fig. 3). The 
intersubject variability was small, with no significant 
difference in microvessel numbers between sections from 
the same patient (P > 0-05, Friedman test). 


Endothelin receptor subtype messenger RNA 
expression 


AC + for ET receptors was 3-7 (2-4 to 4.5) in CLI muscle 
biopsies and 5.7 (3-7 to 7-4) in control biopsies, N = 3.86, 
which represented a non-significant increase in ETA 
receptor mRNA (P = 0-10, z = 7). 

ACy for ET, receptors was 11-1 (9-7 to 12-0) in CLI 
muscle biopsies and 12.7 (12-0 to 13-2) in control biopsies, 
which represented a 3-03-fold increase in ET, receptor 
mRNA level in ischaemic muscle (P < 0-01, n = 7) (Fig. 4). 
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a Control muscle 


b Ischaemic muscle 


Fig. 1 CD31 immunoreactivity in a control and b ischaemic muscle. Increased CD31 immunoreactivity (brown staining) was 
seen in ischaemic muscle compared with control muscle. Such slides were used for the quantitative assessment of microvessels, 


Scale bar = 100 um 





a Control muscle 


a aa 
b Ischaemic muscle 
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Fig. 2 Antismooth muscle o-actin (&-SMA) immunoreactivity in a control and b ischaemic muscle. Clusters of microvessels were 
identified by anti-a-SMA immunostaining in ischaemic muscle but not in controls. These may represent areas of neovascularization. 


Scale bar = 250 um 


Autoradiographic localization of endothelin 1 

binding 

On examination of autoradiographs, binding of '**I- 
radiolabelled ET-1 to both CLI and control muscle 
biopsies was observed (not shown). Using subtype-selective 
radioligands, both ET, and ET receptors were found to be 
involved, and clusters of ET, and ET, receptor binding 
were observed within the muscle sections. On densitometric 
analysis, non-specific binding accounted for less than 10 
per cent of total binding. '**I-labelled BQ3020 binding 
to ET receptors was significantly increased in CLI 


compared with control muscle (4-93 (3-32 to 6-28) versus 
1-67 (1-33 to 3-34) x 10° d.p.m. per mm"; P < 0-05) 
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whereas '**I-labelled PD151242 binding to ET 4 receptors 

was not significantly altered (3-75 (3-08 to 5-06) versus 2-45 

(1-82 to 3-57) X 10° d.p.m. per mm?; P = 0-06, n = 12 versus 
= 10) (Fig. $). 

Using high-resolution autoradiography, a large propor- 
tion of the discrete clusters of ET, and ET, receptor 
binding was found to be associated with microvessels within 
the muscle section (Fig. 6). 


Discussion 


Angiogenesis occurs in hypoxic conditions such as in 
tumours, regions of wound healing and atherosclerotic 


©2002 Blackwell Science Ltd 


J.C. S Tsui, D; M Baker, E. Biecker, $. Shaw and M. R. Dashwood © Endothelin 1 In leohaemle-induoed angiogenesis 745 





Control Cu 


Fig. 3 Microvessel density, quantified by counting the number of 
CD31-positive cells within a 0-015-mm? grid. Values for 
individual patients are shown and horizontal bars represent 
group median values. Microvessel density was higher in chronic 
leg ischaemia (CLI) muscle biopsies then in controls (P < 0-01, 
Mann-Whitney U test) 


plaques as a compensatory mechanism to improve tissue 
perfusion’. In skeletal muscle ischaemia, increased micro- 
vessel density has been shown in animal models’. However, 
in these models the onset of ischaemia is usually subacute, 
induced by a focal lesion. In humans, peripheral vascular 
disease is the commonest cause of leg ischaemia and has a 
chronic course. 

To investigate microvessel density and the ET-1 pathway 
in chronically ischaemic muscle, muscle biopsies taken from 
patients with CLI were studied. Raised ET-1 immunor- 
eactivity has previously been found in muscle biopsies from 
these patients, with ET-1 immunostaining associated with 
microvessels within the muscle’. ET-1 via its potent 
vasoconstrictor activity may increase microvessel tone and 
exacerbate ischaemic damage. However, other ET-1- 
mediated effects are also likely to play a role in CLL 

The ability of ET-1 to stimulate endothelial cell 
proliferation and migration and vascular smooth muscle 
cell proliferation suggests that this peptide may be able to 
stimulate angiogenesis’?! In addition, ET-1 protects 
endothelial cells against apoptosis?” and may play a further 
role in the maintenance of angiogenesis. Evidence for a role 
of ET-1 in angiogenesis includes its presence in well 
vascularized tumours such as gliomas, where ET-1 levels 
correlate with tumour vascularity and malignancy”. This is 
supported by the finding of ET-1 binding sites on vessels of 
pulmonary tumours’, areas of neovascularization in 
atherosclerotic coronary arteries?” and in failed saphenous 
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Control cu 
ET, receptor ET,, recaptor 

Fig. 4 Endothelin (ET) receptor messenger RNA (mRNA) 
expression. ACy values obtained from real-time polymerase 
chain reaction (PCR) are the threshold cycle numbers at which 
an exponential increase in PCR products was detected; a lower 
ACy value represents a higher mRNA level ın the sample. Vanes 
for individual patients are shown and horizontal bars represent 
group median values. ACr for ET, receptors was not 
significantly different between chronic leg ischaemia (CLI) and 
control muscle biopsies (P = 0-10), while that for ET, receptors 
was significantly leas ın ischaemic muscle biopsies (P < 0-05) 
(Mann-Whitney U test) 
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Fig. 5 Densitometric analyms of endothelin (ET) receptor 
subtype binding. Values for individual patients are shown and 
horizontal bars represent group median values. ET, receptor 
binding was not significantly increased (P = 0.06), whereas ETa 
receptor binding was significantly greater m chronic leg 
ischaemia (CLI) muscle biopsies compared with controls 

(P < 0-05) (Mann-Whitney U test) 
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Fig. 6 High-resolution autoradiograph of endothelin (ET) receptor subtype binding to microvessels in ischaemic muscle biopsy. ET, 


(a) and E I g (c) receptor binding (seen as white grains) was localized to microvessels within muscle biopsies. b Underlying tissue 


stained with haematoxylin and eosin. Scale bar = 100 um 


vein grafts’. ET-1 has been shown to promote human 
umbilical vein endothelial cell proliferation, migration and 
invasion in vitro”, and to induce new vessel formation in 
in vivo models of angiogenesis” 7" 

ET-1 acts via two receptor subtypes. The ET, receptor 
plays a predominant role in its vasoconstrictor activity, 
while endothelial cell migration and proliferation have been 
shown to be mediated by the ET, receptor”. The selective 
ETg receptor antagonist BQ788 inhibits ET-1-induced 
endothelial cell migration in vitro“’*’, supporting the 
suggestion that ET-1-induced angiogenesis is predomi- 
nantly mediated via ET, receptors. 

In this study, increased microvessel density was found in 
muscle biopsies from patients with CLI, and ET, and ET, 
receptor binding was demonstrated on these microvessels. 
Receptor mRNA levels and binding were both increased in 
CLI muscle biopsies; the ET, receptor, in particular, was 
significantly upregulated. While these findings suggest that 
angiogenesis occurs in CLI and that ET-1 may playa role in 
this process via the ET, receptor, the mechanisms involved 
are likely to be complex, involving other factors that may act 
synergistically with, or be regulated by, ET receptor- 
mediated mechanisms. Further studies are required to 
clarify the role of ET-1 and its interaction with other factors 
in this process. 


British Journal of Surgery 2002, 89, 741-747 www.bjs.co.uk 


Control biopsies for this study were taken from surgical 
patients in whom intraoperative access to the leg muscles 
was possible. However, while peripheral vascular disease 
was excluded in these patients, they represented a hetero- 
geneous group. Although no significant difference in 
skeletal muscle microvascularization and the ET-1 pathway 
was observed within the group in this study, subgroup 
analysis of larger numbers of controls may reveal such 
differences. 

Manipulation of the ET-1 pathway may have potential 
therapeutic benefits in patients with peripheral vascular 
disease. Identification of the ET receptor subtype that is 
important clinically would allow specific ET-1-induced 
effects to be targeted pharmacologically. For example, 
receptor subtype-specific antagonists targeting potentially 
vasoconstrictor ET 4 receptors may be used to improve 
vessel tone in these patients while preserving potentially 
beneficial ET g-related processes such as angiogenesis. 
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Background: This was a retrospective assessment of the technical adequacy of saphenopopliteal 
disconnection (SPD). 

Methods: Patients scheduled for SPD underwent preoperative colour-coded dupiex imaging to localize 
the saphenopopliteal junction (SPJ). Operations were conducted with the patients under general 
anaesthesia in the prone position with planned full popliteal fossa exposure. Patients were reimaged 
6 weeks after operation. 

Results: Some 69 patients had surgery over 4 years; complete data were available for 59 (27 men and 32 
women, median age 55 (range 27-78) years). There were eight staged bilateral procedures. 
Postoperative duplex scans identified 23 (39 per cent) with ideal results (incompetent SPJ successfully 
disconnected), 12 (20 per cent) with satisfactory results (incompetent SPJ disconnected successfully but 
persisting venous reflux in superficial veins), eight duplex failures (14 per cent) (previously identified 
incompetent SPJ persisted but was competent after operation) and 13 surgical failures (22 per cent) 
(incompetent SPJ completely missed during surgery). There were three major postoperative 
complications (5 per cent) (two deep vein thromboses and one popliteal vein injury) and one patient 
suffered a sural nerve palsy. 

Conclusion: Despite preoperative duplex localization of the SPJ, SPD proved an unreliable technique in 


this series. 
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introduction 


Saphenopopliteal disconnection (SPD) as treatment for 
varicose veins is a technically demanding operation with a 
higher recurrence rate than that after saphenofemoral 
disconnection’ ™. Flush ligation of the saphenopopliteal 
junction (SPJ) is necessary for a durable procedure*. Failure 
of identification of the SPJ is a common cause of recurrent 
short saphenous varices, which occur after 30 per cent of 
operations”. 

The aim of this retrospective study was to review the 
technical success of SPD in patients with short saphenous 
vein (SSV) varices as judged by preoperative and post- 
operative colour-coded duplex imaging. 


Patients and methods 
This study was a review of a series of patients who 


underwent SPD by one consultant vascular surgeon. Data 
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were collected from computer-based clinic letters, opera- 
tive notes and duplex scan results. 

Between January 1998 and August 2001, 110 patients 
(118 legs) were found to have reflux at the SPJ in the one- 
stop vascular clinic, After counselling, 69 patients with SP] 
incompetence underwent SPD. Complete data were avail- 
able for analysis in 59 patients. There were 27 men and 32 
women, median age 55 (range 27-78) years. In eight 
patients, staged bilateral procedures were undertaken. 
Surgical indications are shown in Table 1. 

All patients had preoperative colour-coded venous 
duplex imaging (Sonos 2000; Hewlett Packard, Bracknell, 
UK). Examinations were conducted with the patient 
standing and reflux was defined as reversed flow for more 
than 2s following manual calf squeeze. The SPJ was 
marked before operation in relation to the popliteal skin 
crease and the midline of the popliteal fossa. 

All patients received a single preoperative dose of a low- 
molecular-weight heparin. Surgery was performed under 
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Table 1 Surgical indications for saphenopopliteal disconnection 





One patient had more than one indication. LDS, lipodermatosclerosis; 
SSV, short saphenous vein 


general anaesthesia with the patient prone. The popliteal 
fossa was explored formally through an incision centred 
over the duplex-predicted site of the SPJ. The SPJ, popliteal 
artery and major nerves were identified, and the junction 
was doubly flush ligated. The SSV and its varicose 
tributaries were avulsed through multiple stab incisions. 
Stripping of the SSV was not performed routinely. Patients 
who also had long saphenous varicose veins had standard 
saphenofemoral disconnection, stripping of the long 
saphenous vein to knee level and multiple avulsions. 
Postoperative duplex imaging was conducted 6 weeks 
after surgery. The same consultant performed all duplex 
scans and operations. Preoperative and postoperative 
duplex results were compared. Clinical recurrence and 
patient satisfaction were not examined in this study. 


Results 


Preoperative venous duplex scan results are shown in 
Table 2. An unexpected anatomical variant was encountered 
on five occasions (9 per cent), with or without concomitant 
SP] incompetence. In these legs, an anatomically normal 
SP] was identified in the vicinity of the knee crease, with an 
additional incompetent posterior thigh perforating vein 
connected to the popliteal vein at least 2 cm above the SPJ. 
These junctions were frequently located 5-10 cm above the 
knee crease and usually lateral to the midline of the popliteal 
fossa. 

Based on the postoperative venous duplex scan, patients 
were divided into four groups. Twenty-three patients (39 
per cent) had an ideal result: the incompetent SPJ was 
successfully disconnected with no duplex evidence of 
residual superficial vein reflux. Twelve (20 per cent) had a 
satisfactory result: the incompetent SPJ was successfully 
disconnected, but duplex imaging showed residual super- 
ficial incompetence without deep to superficial reflux. Eight 
(14 per cent) had duplex failure: a previously identified, 
apparently incompetent junction persisted, but was found 
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Table 2 Preoperative duplex findings 





SPJ, saphenopopliteal junction, PTP, posterior thigh perforator 


Tabie 3 Duplex findings in failed operations 6 weeks after 
surgery 





SPJ, saphenopopliteal junction 


to be competent at follow-up scan. Thirteen (22 per cent) 
had an incompetent SPJ missed completely during surgery. 
Three patients had complications and were not included in 
one of the four groups. The overall success in achieving 
SPD was 59 per cent (23 ‘ideal’ and 12 ‘satisfactory’ results), 
but failure was unambiguous in 22 per cent (Table 3). 

There was no obvious learning curve. Considering only 
whether the targeted SPJ had been ligated (duplex failure + 
unambiguous failure), in the first year of the study there 
were four failures in seven operations (57 per cent). In the 
following 3 years failure rates were six in 16 (38 per cent), six 
in 19 (32 per cent) and six in 17 (35 per cent). While the first 
year was the worst, there has been no consistent improve- 
ment subsequently. 

Operations were more likely to be successful in patients 
with uncomplicated varicose veins (27 of 31) than in those 
with venous ulceration or preulcerative changes (12 of 19) 
(P < 0-01, x? test). 

Three patients developed a major postoperative compli- 
cation (5 per cent). Two had a deep vein thrombosis within 
10 days of surgery. This was confirmed by ascending 
contrast venography and treated medically. Both recovered 
fully with no evidence of persisting deep vein thrombosis or 
incompetence. In both the incompetent SPJ has been 
eliminated. A third patient developed uncontrollable 
bleeding from the popliteal fossa during surgery, which 
ultimately required ligation of a short segment of the 
popliteal vein. Immediate postoperative ascending veno- 
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graphy confirmed the injury with evidence of a tributary 
circulation bypassing the injured segment. This patient was 
anticoagulated for 3 months and has been advised to wear 
compression stockings, but remains symptom free 
6 months after surgery. Follow-up duplex imaging revealed 
a patent, competent deep system and no evidence of deep to 
superficial reflux. One patient developed delayed-onset 
sural nerve palsy. 


Discussion 


There is ample literature concerning the outcome of 
surgery for long saphenous varicose veins. The outcome 
following surgery for varicose veins that originate from the 
short saphenous system is under-represented. A literature 
search failed to identify any previous investigations that 
systematically examined the technical adequacy of SPD. 
Nevertheless, the failure of localization and flush ligation of 
the SPJ is held to be a chief cause of recurrence of varicose 
veins. Tong and Royle’ studied 70 patients with recurrent 
varicose veins following SSV surgery. Recurrence was 
attributed to an intact incompetent SPJ in 28 per cent of 
procedures. 

‘The single most important finding in this study was the 
high rate of technical failure. These findings are at variance 
with a small study in which the outcome was satisfactory 
with popliteal fossa stab incision alone®. Despite preopera- 
tive duplex imaging and the attention ofa specialist surgeon, 
between a quarter and a fifth of attempted SPDs failed to 
reverse deep to superficial reflux in the popliteal fossa. 

The dominant cause of failure in this study was a missed 
single incompetent SPJ (nine of 13 technical failures), which 
occurred despite preoperative localization with duplex 
imaging and a convincing SPJ disconnection during 
surgery. This might be explained by the variability of the 
SSV termination’, but such a hypothesis presupposes that 
preoperative imaging underestimated the complexity of the 
SPJ in a large number of patients. There was an ambiguous 
group that comprised patients labelled ‘duplex failures’ 
representing either misdiagnosis of reflux in a competent 
SPJ (i.e. incorrect preoperative scan leading to failed but 
unnecessary SPD) or failure to identify a double SPJ with 
one incompetent and one normal component. In these 
patients the incompetent component was dealt with 
adequately (i.e. a technically ‘ideal’ outcome). It was not 
possible to ascertain which of these possibilities was the 
most likely in retrospect, but some patients had very 
complex popliteal venous anatomy and the latter explana- 
tion is favoured. The reliability of duplex imaging is 
therefore open to doubt and a potential contributor to 
these results. 
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De Maeseneer and colleagues? demonstrated the relia- 
bility of colour-coded duplex examination in identifying the 
exact position of the SPJ to within 1 cm. They also showed 
that, in the case of recurrence, the position of the SP] varied 
between 5 and 10 cm above the popliteal skin crease. This 
illustrates the importance of unrecognized anatomical 
variations (particularly high junctions) as a potential cause 
of technical failure of SPD and, therefore, recurrence. In 
this study four patients had unusually high incompetent 
junctions, together with an anatomically conventional and 
competent SPJ below. A fifth patient had incompetent 
junctions both at the conventional site and also several 
centimetres above the popliteal knee crease. In this group 
with a posterior thigh perforating vein, four of five patients 
had successful ligation of the incompetent vein. In a recent 
publication Caggiati’ described a similar venous perforator 
occurring in 5 per cent of a healthy population. No patient 
with isolated Giacomeini vein incompetence was identified 
in the present study. 

Three of ten patients with venous ulceration and four of 
nine with preulcerative skin changes were in the ‘surgical 
failure’ group; failure was less common in patients with 
uncomplicated varicose veins (four of 31), but the numbers 
were small. This difference may reflect the complexity of 
reflux in patients with chronic venous sufficiency. This was 
an open study and the lack of a consistent learning curve 
suggested that more comprehensive popliteal fossa dis- 
section did not improve the results. Indeed, it may have 
contributed to popliteal vein injury in one case. 

Given these relatively poor results (only 59 per cent of 
popliteal fossae were free of deep to superficial reflux after 
surgery) and the definite risks, there may be a case for 
avoiding SPD in patients with uncomplicated varices. Redo 
SPD for recurrence is likely to prove even less effective and 
more risky. In the present series, two of three patients who 
underwent redo surgery for persisting incompetent SP] had 
complete failure of SPD; only one patient had a satisfactory 
duplex result. 

SPD could be reserved for patients with complicated 
varicose veins, although opinion differs as to the contribu- 
tion of isolated short saphenous disease to ulceration", 
and the present study suggests that this is the group in which 
technical failure is most likely. Perhaps patients with 
uncomplicated short saphenous varices should be offered 
repeated multiple avulsions or sclerotherapy, with no 
surgical attempt to correct deep to superficial reflux. 
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Background: Radiofrequency (RF) current, converted into heat through ion agitation and friction, can 
destroy liver tumours by means of coagulation necrosis. This study assessed whether percutaneous RF 
ablation is a useful and safe technique for the treatment of liver tumour recurrence after hepatectomy. 
Methods: Forty-seven patients presenting with local recurrence after hepatectomy for malignant 
tumours (29 with colorectal secondaries) were treated with percutaneous RF ablation instead of repeat 
hepatectomy. RF thermal ablation was performed under image guidance for 12-15 min. This group 
represented 63 per cent of 75 patients treated with curative intent for liver recurrence in the same time 
interval. The other 28 patients underwent repeat hepatectomy. 

Results: The mean(s.d.) number of liver metastases destroyed was 1-4(0-7) (range 1-3) and their 
diameter was 21(8) (range 9-35) mm. Twenty-six patients presented with liver recurrence at least once 
but up to three times after the initial RF application. Incomplete local RF treatment was observed in six 
of 47 patients. Fifteen patients developed extrahepatic recurrence. The mean(s.d.) interval between RF 
ablation and the last follow-up visit was 14-4(10-1) (range 5-5-40} months. One death and three major 
complications occurred. Survival rates at 1 and 2 years were 88 and 55 per cent respectively. A 
retrospective study of the authors’ database over two similar consecutive periods showed that RF 
ablation increased the percentage of curative local treatments for liver recurrence after hepatectomy 
from 17 to 26 per cent and decreased the proportion of repeat hepatectomies from 100 to to 39 per cent. 
Conclusion: Percutaneous RF treatment increases the number of patients eligible for curative 
treatment. It should be preferred to repeat hepatectomy when feasible and safe because it is less invasive. 
Repeat hepatectomy is indicated only when percutaneous RF ablation is contraindicated or fails. 
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introduction 


Liver recurrence occurs in 50-70 per cent of patients 
following hepatectomy for primary or secondary 
tumours! *, Until recently, when such recurrences were 
amenable to complete resection without major operative 
risk, repeat hepatectomy was the ‘gold standard’ treat- 
ment, However, this surgical procedure is highly 
invasive and carries risks of postoperative mortality and 
morbidity Ă. For the past few years, the thermoablation 
technique’ has been used both percutaneously!**!) and 


1413 for the treatment of hepatic tumours. 


intraoperatively 
The percutaneous approach proved to be non-invasive and 


safe for moderately sized tumours (less than 3 cm in 
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early, when they are still moderately sized, and are therefore 
eligible for radiofrequency (RF) treatment. Percutaneous 
RF ablation is simple to perform and less invasive than 
repeat hepatectomy. The aim of this study was to determine 
the value of percutaneous RF thermal ablation of liver 
recurrence after hepatectomy as an alternative to repeat 
hepatectomy. 


Patients and methods 


From January 1997 to January 2001, 75 patients who had 
previously undergone hepatectomy presented with either 
single or multiple resectable intrahepatic recurrent 
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Table 1 Initial liver resections 





Mean(s.d.) number of lesions resected 3-8(2-6) (median 3-1 (range 1-10). 
Extrahepatic lesions were resected in five patients 


tumours. Since these lesions were limited in number, 
moderately sized and were not located close to a major 
vessel or bile duct, they were all considered to be resectable. 
RF treatment was preferred to repeat hepatectomy because 
it was less invasive, and was offered when there were fewer 
than five recurrent lesions of maximal diameter less than 
3-5 em, when lesions were accessible via a percutaneous 
approach and were situated more than 10 mm from the main 
bile ducts, and when no extrahepatic tumour was detected. 

Among the 75 patients with potentially resectable liver 
recurrence, 47 (63 per cent) met the criteria for percuta- 
neous RF treatment. Twenty-eight patients were not 
selected for RF thermoablation and underwent repeat 
hepatectomy because their liver lesions were either too close 
to the main bile ducts (7 = 9), too numerous (more than 
four) (2 = 8), or because an extrahepatic metastasis that 
required resection during the same operative procedure was 
present (7 = 11). 

The mean(s.d.) age of the 47 patients was 59-4(14-7) 
(range 13-85) years. The primary tumour was a colorectal 
cancer in 29 patients. The primary cancer in the remaining 
18 patients was hepatocellular carcinoma (five patients), 
cholangiocarcinoma (two), neuroendocrine tumour (two), 
gastric carcinoma (two), soft tissue sarcoma (two), and one 
patient for each of the following primaries: melanoma, 
breast, kidney, thyroid and epithelioid haemangioendo- 
thelioma. Overall, eight patients had primary liver cancer 
and 39 patients had metastases from primary tumours at 
other sites. 

Details of the initial hepatectomy procedures (before the 
development of recurrence) are reported in Table 1. Five of 
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the 47 patients had an extrahepatic lesion at the time of the 
first hepatectomy, which was treated with a curative intent 
(RO resection) during the same procedure. The median(s.d.) 
interval between the initial hepatectomy and RF ablation 
was 11-1(23-3) (range 2-44) months. 

RF thermoablation was performed with a 200-W RF 
generator, either Radionics” (Burlington, Massachusetts, 
USA) with a cooled-tip electrode or Radiotherapeutics” 
(Mountain View, California, USA) with an expandable 
electrode. RF procedures were carried out under ultra- 
sonographic guidance in 38 patients and under computed 
tomographic guidance (when the tumour was not seen 
ultrasonographically) in nine patients. The aim was to 
produce a necrotic sphere measuring at least 10 mm more 
than the tumour diameter. Details of the procedure have 
been reported previously’ >!*. RF ablation was performed 
under general anaesthesia with a one-night hospital stay in 
31 patients and under local anaesthesia on an outpatient 
basis in 16 patients. 

In treatment of the first liver recurrence, 65 tumours were 
treated in the 47 patients. The mean(s.d.) number of 
metastases destroyed was 1-4(0-7) (range 1-3) and the 
diameter was 21(8) (range 9-35) mm. Thirty-five patients 
had one tumour, seven patients had two, four patients had 
three and one patient had a total of four tumours. 

Eighteen patients who presented with another liver 
recurrence following the first RF treatment underwent a 
second RF application. The mean(s.d.) interval between the 
first and second RF application was 6-1(2-5) (range 2- 
18) months. The details of these successive RF treatments 
are reported in Table 2. The total number of tumours 
destroyed in patients undergoing a second RF ablation 
treatment was 34 (mean number per patient 1-9) and the 
mean(s.d.) tumour size was 16(6) (range 10-28) mm. Four 
patients received RF treatment a third time for a third 
tumour recurrence in the liver (two lesions in each patient). 
In summary, a total of 107 recurrent liver tumours were 
treated with percutaneous RF ablation (65 at the first 
session, 34 at the second session and eight at the third 
session) in 47 patients, 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) were used for follow-up of patients every 
2 months for 6 months and every 3 months for 2 years; CT 
and MRI were both performed on the same day'®. No 
patient was lost to follow-up. The mean(s.d.) duration of 
follow-up between the initial RF treatment and the last 
follow-up visit was 14-4(10-1) (range 5-5-40) months. 


Results 


One death occurred in the series, attributed to portal 
thrombosis (mortality rate 2 per cent). It was the first death 
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Table 2 Outcome of percutaneous radiofrequency ablation for liver recurrence after hepatectomy 





“Including the seven lesions not completely destroyed with the first radiofrequency treatment (RFI) tineluding the four lesions not completely 


destroyed with the second treatment (RF2) 





ood Recurrence at site of RF ablation 
0-9 FF SE we Distant recurrence 

0-8 
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Recurrence 
a) 
Ct 





0 6 12 18 
Time after RF ablation (months) 
No. at risk 
At site 47 32 21 15 
Distant 47 28 16 10 


Fig. 1 Incidence of repeated liver tumour recurrence after 
treatment with percutaneous radiofrequency (RF) ablation, 
distinguishing local failure after RF treatment from new 
recurrence 


observed in 285 RF procedures since 1997. Two bile 
abscesses requiring percutaneous drainage and one perito- 
neal haemorrhage (on the third postoperative day) treated 
by laparotomy occurred, giving a morbidity rate of 9 per 
cent among 47 patients, 6 per cent among 69 RF procedures 
and 4 per cent among 107 thermoablated lesions. 
Following RF ablation of the first liver recurrence, 26 
patients presented with further tumour in the liver, after a 
mean(s.d.) imterval of 5-4(2-9) (median 5-5 (range 2-9)) 
months. Two of these patients also had an extrahepatic 
recurrence. Six of these 26 liver recurrences (9 per cent of 
the 65 thermoablated lesions) were at the site of the first RF 
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application, indicating local failure of the procedure, and 
18 were new hepatic lesions at other sites. The local failure 
was isolated in five patients and associated with new lesions 
in one patient. Nineteen patients (38 per cent) were still 
disease free at the time of writing (Table 2). 

Percutaneous repeat RF ablation was performed in 18 of 
these 26 patients to treat new liver recurrence. RF treatment 
was contraindicated in eight patients, in six for technical 
reasons (of whom four patients had a repeat hepatectomy 
instead) and in two because of the presence of an 
extranepatic lesion. Of the 18 patients, six developed a 
third liver recurrence after a mean(s.d.) interval of 3-4-4) 
(range 1-5-7) months. 

The incidence of the two types of recurrence after RF 
ablation (at and outside the RF site) is reported in Fig. 1. An 
extrahepatic recurrence occurred in 15 patients after a mean 
delay of 6-8 months after the first RF ablation, in six patients 
associated with a new liver recurrence (Table 2). 

After a median follow-up of 14-4 months, 34 patients are 
still alive: ten patients have recurrent liver tumour, six have 
extrahepatic recurrence (with or without liver recurrence) 
and 18 patients are disease free. One patient died with no 
evidence of disease progression. Overall and disease-free 
survival curves after RF ablation of recurrent liver tumour 
are shown in Fig. 2; l- and 2-year survival rates were 88 and 
55 per cent respectively. 

For comparison of survival, this series was matched 
retrospectively with a series of 46 repeat hepatectomies 
performed previously in the same institution, which 
comprised almost the same number of metastatic colorectal 
cancers (7 = 28) but included five neuroendocrine 
tumours”. The follow-up regimen was the same as that in 
the present series except that MRI was not used routinely. 
Survival rates at 1 and 2 years were 84 and 60 per cent 
respectively, similar to those described for RF ablation in 
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0 6 12 18 24 
Time after RF ableton (months) 


No at nek 
Deease free 43 22. 11 9 3 
Overal 47 36 23 16 8 


Fig. 2 Overall and disease-free survival curves after treatment of 


liver tumour recurrence with percutaneous radiofrequency (RF) 
ablation 


the present article. The survival curves were similar for the 
two groups (hepatectomy versus RF ablation). 


Until now repeat hepatectomy has been considered the 
treatment of choice for recurrent liver tumours, yielding 
survival rates comparable with those of first hepatect- 
omy”. Repeat hepatectomy has two advantages over a 

invasive approach. First, the abdominal! cavity 
can be explored and extrahepatic lesions (found in 10-20 per 
cent of patients) resected’. Second, complete resection of 
the recurrence is virtually guaranteed. However, there are 
major disadvantages to repeat hepatectomy: (1) a repeat 
laparotomy requires hospitalization, general anaesthesia, 
induces pain and involves high social and economic costs; 
(2) the related mortality rate is close to 2 per cent in 
specialized centres” ® and higher ın non-specialized centres, 
and the postoperative morbidity rate is 25~30 per cent” ®; 
and (3) repeat hepatectomy is technically more difficult to 
perform than a first hepatectomy. 

In contrast, percutaneous RF ablation presents major 
advantages over repeat hepatectomy. It is non-invasive, 
hospitalization is very short, pain is less severe, and 
associated mortality and morbidity rates are low. ‘The RF 
mortality rate (2 per cent) has been overestimated in the 
present series. Considering that only one death has been 
observed in 285 RF procedures performed in the same 
institution, the true mortality rate is probably less than 1 per 
cent’”. The social and economic impacts would be obvious 
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if RF survival results were similar to those of repeat 
hepatectomy. 

Although very appealing, this technique has three 
limitations. First, tumour destruction might be incomplete 
(six of 47 patients in this preliminary study). However, with 
close follow-up, residual disease can be detected early by 
MRI’° and treated either with repeat RF ablation or repeat 
hepatectomy. Incomplete destruction occurred more fre- 
quently in large tumours (recurrences in this series mainly 
involved lesions greater than 30 mm in diameter) which 
necessitated more than one RF delivery. 

The second limitation relates to the tumour localization. 
RF may be contraindicated (1) when the tumour is located 
too close to a main bile duct because of the risk of heat- 
induced stenosis, (2) if the lesion is at the hepatic dome 
owing to a risk of right atrium injury or (3) if the liver tumour 
is adjacent to the right colon to avoid necrotic colon injury. 

The third drawback is that the percutaneous approach 
does not allow either adequate inspection of the abdominal 
cavity or ultrasonographic liver exploration (which detected 
an additional lesion in 6 per cent of patients)’. 

Finally, two questions need to be addressed regarding 
percutaneous RF application for treatment of recurrent 
liver tumour following a first hepatectomy. First, will RF 
ablation be able to replace repeat hepatectomy? The present 
study suggests that RF treatment could replace repeat 
hepatectomy when the site, number and size of the lesions 
allow it to be used safely. Comparison of the present data 
with the survival results obtained in the same institution in 
1993 after repeat hepatectomy for liver recurrence in 46 
patients® revealed similar 1- and 2-year survival rates after 
RF ablation (88 and 55 per cent respectively) and repeat 
hepatectomy (84 and 60 per cent respectively). However, a 
possible selection bias resulting from comparison of two 
non-randomized groups of patients precludes any definitive 
conclusion to be drawn. Nevertheless, similar results have 
been described in other published series: survival rates at 1 
and 2 years after repeat hepatectomy were 87 and 52 per 
cent respectively in 191 patients reviewed by Neeleman and 
Andersson’, very similar to those in 143 patients reported by 
the Association Française de Chirurgie’, and those in 170 
patients reported in the Repeat Hepatic Resection 
Registry’, which all included the authors’ 1993 series. 

Second, will RF allow treatment with curative intent in 
more patients than repeat hepatectomy? The answer is 
clearly yes considering that, since it is minimally invastve, 
RF is proposed earlier and to a greater number of patients 
than classical repeat hepatectomy. A retrospective analysis 
of the surgical practice over two similar consecutive periods 
ın the same centre shows that the use of RF thermal ablation 
has increased the incidence of curative local treatment for 
liver tumour recurrence from 17 to 26 per cent and 
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Table 3 Evolution in the treatment of liver recurrence after hepatectomy during two consecutive periods at Institut Gustave Roussy 





Values in parentheses are percentages 


decreased the incidence of repeat hepatectomy from 100 to 
39 per cent (Table 3). 

In conclusion, while awaiting the results of a randomized 
trial (including an analysis of quality of life and costs) 
comparing repeat hepatectomy with percutaneous RF 
application for the treatment of tumour recurrence after 
hepatectomy, both treatment modalities are acceptable. 
However, since RF ablation is much less invasive than 
repeat hepatectomy, it may increase the number of patients 
eligible for curative treatment. In this context, patient 
recruitment in a randomized study (needing several 
hundreds of patients to reach statistical significance) will 
probably be difficult. According to the data already 
available, RF treatment is safe and effective. It should 
become the preferred treatment for liver recurrence after 
hepatectomy, the only remaining indications for repeat 
hepatectomy being technical contraindications to per- 
cutaneous RF ablation and local failure of this technique. 
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Background: The aim of the study was to investigate the value of percutaneous fine-needle aspiration 
Methods: FNAC followed by histopathological examination was carried out in 216 patients with 
suspected liver tumours. The final diagnosis was primary liver cancer in 106, colorectal metustases in 51, 
non-colorectal metastases in 46, benign tumour in nine and no tumour in four patients. 

Results: Cytology resulted in correct classification of the lesion as benign or malignant in 87 per cent of 
patients, correct discrimination between primary and secondary malignancy im half of the patients, and a 
correct diagnosis of tumour type in one-third of patients. The tumour was erroneously classified as 
benign or malignant in 22 patients (11 per cent) and four patients (2 per cent) respectively. When FNAC 
showed malignancy, the predictive value was 98 per cent, whereas the predictive value was 27 per cent 
when it did not. FNAC guided investigations and treatment in one-quarter of patients. Implantation 
metastases were recorded in seven patients (3 per cent), including five (10 per cent) of 51 patients with 
colorectal liver metastases, and caused major local problems and death in four patients. 

Conotusion FNAC was valuable in about a quarter of patients with liver tumour. The risks of 
implantation metastases and a false-negative finding do not justify its use in candidates for curative 


therapy of liver tumours. 
Paper accepted 7 February 2002 Britsh Journal of Surgery 2002, 89, 757-762 
Introduction Patients and methods 


Percutaneous biopsy with a fine needle (diameter less than 
1 mm) has been used extensively since the beginning of the 
1970s. It is an established procedure for obtaining speci- 
mens for cytological diagnosis of liver tumours, with a 
sensitivity for detection of liver malignancy of between 69 
and 97 per cent’ '’. However, there are no reports of its 
influence on treatment outcome. 

Major morbidity is unusual (0-05-0-18 per cent), and the 
reported mortality rate varies from 0-01 to 0-03 per cent 
after fine-needle aspiration cytology (FNAC) of various 
organs’*'’. Although experimental data indicate a con- 
siderable risk of tumour seeding of the needle tract’®’’, the 
risk of implantation metastases has been calculated to be less 
than 0-01 per cent in patients *! 17, During recent years, 
however, several case reports on implantation metastases 
after FNAC of liver tumours have been published?°”’. 

The purpose of the present study was to analyse the 
diagnostic value and clinical impact of FNAC of liver 
tumours. 
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This was a retrospective study comprising all 216 patients 
(112 men, 104 women; median age 61 (range 23-86) years) 
undergoing FNAC and histopathological examination of a 
suspected liver tumour from 1973 to 1997. At the time of 
review, 26 patients were alive (at a median follow-up of 
48 (range 12-261) months), 188 patients were dead and two 
patients were lost to follow-up. 

The indications for FNAC were suspected hepatic 
metastasis from a known (m= 65), and usually resected 
(n = 61), extrahepatic malignancy, liver tumour of unclear 
origin or type (n = 148), and suspected recurrence of liver 
tumour (n = 3). 

Fine-needle aspiration was carried out using 20- or 22-G 
(outer diameter 0-7-0-9 mm) needles. The aspirations were 
performed by radiologists under fluoroscopic, computed 
topographic or ultrasonographic guidance in 135 patients. 
Cytologists performed aspirations on a palpable tumour in 
55 patients and blindly in 26 patients. FNAC was repeated 
on a second or third occasion in 36 and nine patients 
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Table 1 Diagnostic outcome of fine-needle aspiration cytology of liver tumours 





Values in parentheses are percentages based on specimens containing representative material. *Klatskin tumour; all had hepatic overgrowth 


respectively. The samples were fixed with ethanol and 
stained with haematoxylin and eosin, or fixed with air and 
stained with May~Gruenwald—Giemsa, or both. 

The histopathological specimen was obtained by laparo- 
tomy in 140 patients, laparoscopy in three, percutaneous 
core biopsy (coarse needle) in five and autopsy in 68 
patients. The final histopathological diagnoses are shown in 
Table 1. 

Cytological and histopathological re-examination was 
carried out whenever there was a false-positive or false- 
negative cytological diagnosis of malignancy. To obtain a 
blinded re-examination, specimens with an incorrect 
diagnosis were mixed with the same number of specimens 
with a correct diagnosis. In three patients, the cytological 
specimens were damaged and could not be re-evaluated. 

All biopsies were classified as showing benign changes, 
suspicion of malignancy, malignancy or no representative 
material (i.e. insufficient or uninterpretable material). 
Excluding cytological specimens with no representative 
material, the ability of FNAC to detect or exclude malignant 
disease was estimated by calculating the percentage of 
correct classifications, sensitivity, specificity and predictive 
values. In these calculations, suspected malignancy was 
regarded as malignancy. The diagnostic outcome of FNAC 
was further estimated by its ability to distinguish between 
primary and secondary tumour and its ability to classify 
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tumour type correctly, i.e. subgroup of primary liver 
tumour or origin of metastatic tumour. 


Results 


Cytology correctly classified the lesion as benign or 
malignant in 178 instances (87 per cent), including ten 
patients (5 per cent) in whom the findings were described as 
suspected malignancy (Table 1). All patients with suspected 
malignancy on FNAC had malignant disease. A correct 
distinction between primary and secondary malignancy was 
made in 94 cases (49 per cent of patients with malignancy) 
and a correct diagnosis of tumour type was established in 73 
patients (36 per cent). 

The diagnostic outcome is summarized in Table 2. 
FNAC was able to detect or exclude malignant disease 
with a sensitivity of 89 per cent, specificity 67 per cent, 
positive predictive value 98 per cent and negative predictive 
value 27 per cent. These figures were similar for primary 
and secondary tumours. After re-examination, the sensitiv- 
ity was 91 per cent, specificity 100 per cent, positive 
predictive value 100 per cent and negative predictive value 
40 per cent. It appears that the sensitivity was higher after 
1982 than before (93-97 versus 79-86 per cent), and that the 
ability of FNAC to classify tumour type correctly improved 
after 1982. 
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Table 2 Diagnostic outcome and implantation metastases at different time intervals 





Values in parentheses are percentages 


The diagnostic yield was similar after blind puncture, 
image-guided puncture and that performed on a palpable 
tumour. 


Misclassifications 


The lesion was erroneously classified as benign in 22 
patients (11 per cent) (Table 1). Ultrasonographic guidance 
was used in 17 of these patients, and aspirations were 
repeated once in four patients and twice in one patient. The 
false-negative rate was similar for different diagnoses (4-22 
per cent), with the exception of hilar cholangiocarcinoma 
(Klatskin tumour) with intrahepatic growth, for which it 
was 40 per cent. Median size of the tumour was 8 cm in 
patients with a false-negative FNAC. 

Re-examination of specimens incorrectly judged as 
benign changed the diagnosis to malignancy in two of the 
19 cases that could be re-evaluated (initial interpretation 
error). Thirteen specimens were again considered to 
contain only normal liver or duct cells, whereas four were 
considered to contain no representative material. All re- 
examinations of specimens with correct primary diagnoses 
(used to blind the re-examination procedure) gave the same 
result as the primary assessment. 

Four patients (2 per cent) with benign tumours (haem- 
angioma (7 = 2), hepatobiliary adenoma (7 = 1)) or normal 
liver (z = 1) had a malignant diagnosis at FNAC. At re- 
examination two cytologies were judged to be inconclusive, 
whereas two specimens were regarded as benign (final 
diagnoses were haemangioma and normal liver). 


Effect on patient management 


Considering the information available when FNAC was 
performed, cytology gave new correct information in 76 
patients (35 per cent). It confirmed a previously suspected 
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diagnosis in 90 patients (42 per cent), was inconclusive in 22 
patients (including ten with suspected malignancy) (10 per 
cent), and incorrect in 28 patients (13 per cent). The latter 
figure includes two patients with primary liver cancer in 
whom cytology classified the lesions as metastases from 
extrahepatic malignancy, resulting in further unnecessary 
investigations. 

The cytological diagnosis guided further investigations 
and treatment in 56 patients (26 per cent) and had no or 
equivocal consequences in 150 patients (69 per cent). The 
latter figure includes 20 patients in whom cytology gave new 
and correct information but in whom subsequent imaging, 
ordered before execution of FNAC, gave the same 
information. In the remaining ten patients (5 per cent) 
cytology resulted in repeated aspiration without a correct 
diagnosis (7 = 5), other unnecessary examinations (7 = 2), 
delay in making the correct diagnosis (7 = 3) and unneces- 
sary surgery (7 = 2). 


Complications 


The main complication of FNAC was the occurrence of 
implantation metastases in seven patients (3 per cent), 
including five (10 per cent) of 51 patients with colorectal 
liver cancer (Table 3). A 20- or 22-G needle was used, and 
aspiration was guided by imaging in five patients, performed 
by a cytologist on a palpable tumour in one patient and 
blindly in one patient. The aspiration was repeated on a 
second occasion in two patients. 

Four patients had implantation metastases involving the 
thoracic wall, intercostal muscles, pleura, right lung, 
diaphragm and peritoneum; and three patients had meta- 
stases in the skin and subcutaneous tissue of the abdominal 
wall. The interval between FNAC and detection of 
implantation metastases was 2-49 (median 4) months. 
Three of seven patients with implantation metastases had 
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Table 3 Patients with implantation metastases 





"All were detected after detection of implantation metastases. tInterval between fine-needle aspiration cytology and detection. {Intraoperative 


judgement of radical resection 


undergone radical resection of the liver tumour(s); implan- 
tation disease was the only demonstrable recurrence in one 
of them (patient 1, Table 3) and the initial and major 
recurrence in two (patients 2 and 3, Table 3). Implantation 
metastases preceded other recurrences in all but one patient 
(patient 7, Table 3). 

Implantation metastases caused major local problems and 
were fatal in four patients. Resection of implantation 
metastases was performed in five patients and was 
considered locally radical in four. Two of these patients 
had undergone dearterialization and lived for only 2- 
4 months after resection of implantation metastases, 
whereas there was recurrence at the implantation site in 
the other two. 


Discussion 


With respect to its ability to establish the presence of 
malignancy, the sensitivity of FNAC was 89 per cent, which 
compares well with previous studies. The specificity was 
only 67 per cent, which is lower than reported previously; 
most authors report figures higher than 95 per cent'!*. The 
low specificity in this study may largely be explained by the 
small number of benign lesions. 

The diagnostic value of a test depends on its sensitivity 
and specificity, and the distribution of patients with and 
without disease in the study population. Predictive values 
are relevant in the clinical situation. The high number of 
patients with malignancy (#7 = 203) and the low number of 
patients without malignancy (# = 13) reflected referral 
policy and the fact that most solid liver tumours are 
malignant. As a result, the predictive value of a negative test 
was low (27 per cent) and that of a positive test was high (98 
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per cent). High sensitivity (or predictive value of a negative 
test) is important if the therapy is potentially curative. High 
specificity (or predictive value of a positive test) prevents 
unnecessary suffering. 

Only normal liver or ductal cells were found in most of 
the false-negative aspirates. The comparatively low false- 
negative rate during the past 15 years might reflect 
improved guidance and puncture techniques (Table 2). 
Sensitivity was relatively low for Klatskin tumours (with 
intrahepatic tumour growth) for which FNAC was positive 
in only 60 per cent of cases (Table 1). Klatskin tumours at 
the liver hilum are deeply located, in addition to being firm 
and fibrous, which might explain the low ability of FNAC to 
establish a correct diagnosis. 

Although the risk of false-positive cytology is believed 
to be negligible, a rate of l-4 per cent has been 
751°" Inflammatory conditions with regener- 
ative activity of the liver may cause variation in nuclear size, 
enlarged nucleoli, multinucleated cells and the presence of 
mitoses’. Such changes may be misinterpreted as malignant 
on cytological examination, and this was probably the case 
in one of the present patients, who had had an episode of bile 
stone cholangitis at the time of FNAC. 

An incorrect diagnosis of benign or malignant disease was 
made in 26 patients. As judged from the re-examinations, 
misclassification was due to erroneous interpretation of the 
cytological findings in four patients and failure to obtain 
representative material in 19 patients. 

In clinical practice the value of FNAC depends on the 
results of examinations already performed. For instance, 
cytology of a liver tumour demonstrated on imaging can at 
best confirm liver metastasis in a patient with a history of 
colorectal cancer and a raised serum carcinoembryonic 


reported!” 


© 2002 Blackwell Science Ltd 


B. Ohlsson, J. Nilsson, U. Stenram, M. Akerman and K-G. Tranberg e Fine-needie aspiration of Iver tumours 761 


antigen level. Since the predictive value of FNAC showing 
no malignancy is about 30 per cent, a normal cytological 
examination in this situation would not preclude malig- 
nancy. On the other hand, a positive finding on cytology will 
be of clinical importance in a patient with unclear findings 
on imaging and normal levels of tumour markers. ‘This was 
the case in 26 per cent of the patients in this study. 

Based on a study of 11 700 patients, Livraghi et al.'* (own 
series and literature review) estimated that the rate of major 
complications after fine-needle abdominal biopsies was 
0-05 per cent, with a mortality rate of less than 0-01 per cent. 
At that time (1983), only two cases of needle-tract seeding 
after FNAC had been described in the literature. Tumour 
cell seeding of the needle tract after FNAC has been 
reported to occur with a frequency of 65-90 per cent in 
different experimental situations!™!?, Since hardly any 
clinical cases of implantation metastases after FNAC were 
reported during the 1970s and 1980s, it was believed that 
tumour cells in the needle tract were destroyed by the host 
immune response, or by some other mechanism’?. 
However, the belief that the risk of tumour seeding after 
FNAC of the liver is negligible has been questioned by case 
reports published in recent years’? 

Several factors contribute to the difficulty in making a 
reliable estimation of the risk of needle-tract seeding after 
FNAC. Patients with liver malignancy are only rarely cured, 
and implantation metastases can easily be overlooked in the 
presence of progressive disease. Untreated patients with 
advanced liver tumour usually have a short survival time, 
and the time for development of detectable implantation 
metastases will therefore be short; the median lead time was 
4 months in the present study. The risk of implantation 
metastases after FNAC is probably best estimated in 
patients with radically resected liver tumours and prolonged 
survival. This may explain the observed frequency of 
implantation metastases ın the present study; four of seven 
patients with implantation metastases had undergone liver 
resection with curative intent. 

In organs in which the needle tract is excised together 
with the tumour, for instance in breast cancer, FNAC is safe 
with respect to implantation metastases. However, in liver, 
pancreas and other organs in which the needle tract will be 
left behind at tumour resection, the consequences of 
tumour seeding may be ominous. Frequently, fine-needle 
aspiration of lrver tumour must be performed via a 
transthoracic approach, which constitutes a special pro- 
blem. Implantation metastasis of the thoracic wall, affecting 
the peritoneum, diaphragm, pleura, lung, intercostal 
muscles or ribs, is difficult or impossible to resect. 

In conclusion, FNAC can distinguish between benign 
and malignant liver tumours in 87 per cent of cases. The risk 
of implantation metastases and false-negative findings 
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means that FNAC should be avoided in candidates for 
curative hepatic surgery such as resection or transplanta- 


von. 
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Backgrounds Comparative surgical audit is becoming increasingly important although it is fraught with 
difficulties due to risk-adjusted analysis. Methods have been proposed to solve this problem and allow 
meaningful comparison of patient outcome. None has been described without faults, making such 
comparison flawed or overtly complicated. An alternative risk scoring system incorporating the 
Confidential Enquiry into Perioperative Deaths (CEPOD) grade, the American Society of 
Anesthesiologists (ASA) grade and the British United Provident Association (BUPA) operative grade 
was formulated and assessed. 

Methode: This was a prospective audit of 4308 patients admitted under the care of three surgeons 
between May 1997 and October 1999, creating an initial data set of 3144 procedures with 134 deaths. 
Each procedure was allocated a score on the basis of the CEPOD, BUPA and ASA grade. The Surgical 
Risk Scale (SRS) was devised by adding together the values of the three variables, which generated a 
scale ranging from 3 to 14. Multivariate logistic regression analysis involving the three variables and 
univariate analysis of the SRS score were undertaken. Recciver—operator characteristic and calibration 
curves were formulated. This process was validated on another date set (2780 patients) derived from all 
admissions to the same surgeons between November 1999 and December 2000. 

Results: Univariate logistic analysis of the SRS score revealed it to be significantly predictive of death 
(B = 0-84, P < 0-001); it did not overpredict mortality for low-risk procedures. 

Conotusions The SRS is easy to use, formulate and interpret, and provides an accurate prediction of 


death in general surgical patients across the entire risk spectrom. 
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Introduction 

Comparative surgical audit is becoming increasingly 
important within the surgical profession, and to healthcare 
managers, the government and the general public. It should 
allow comparison of morbidity and mortality rates between 
institutions, teams and individual surgeons. League tables 
with comparisons between different surgical units and 
individual surgeons are likely to be adopted. 

However, data collecuon methods have yet to be 
standardized and meaningful comparison is not yet 
possible. Simple collection of numbers alone is insufficient 
to reflect the quality of care because, to compare morbidity 
and mortality directly, the original populations should be 
identical. True comparisons can be made only if risk 
adjustment is used to allow for the differences in case mix 
between units and surgeons. 
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A number of methods has been proposed for standardiz- 
ing patient data to permit direct comparison of patient 
outcome irrespective of differences in population’~*. 
Foremost among these in the UK is the Physiological and 
Operative Severity Score for the en Umeration of Mortality 
and morbidity (POSSUM), which is currently the most 
tested system for assessing outcomes by risk-adjusted 

5_9 


While POSSUM has performed favourably, ‘it has its 
limitations. Most notably, it and a subsequent modification 
(Portsmouth (P) POSSUM) consistently overestimate the 
mortality rate for low-nsk procedures*”””. The formula 
for establishing a POSSUM score is complex and the 
relative performance of POSSUM and P-POSSUM 
depends on the method of analysis”**. The operatrve 
variables collected to calculate POSSUM might contrive to 
obscure poor surgical standards. A high total blood loss or 
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Table 1 Scoring system 





The Surgical Risk Scale score was calculated for each procedure by adding the Confidential Enquiry into Perioperative Deaths (CEPOD), American 
Society of Anesthesiologists (ASA) and British United Provident Association (BUPA) scores. AAA, abdominal aortic aneurysm 


the need for multiple procedures would automatically give a 
high POSSUM score and a high expected mortality or 
morbidity rate. However, these might result from poor 
surgical technique rather than from the intrinsic difficulty 
of the case. With regard to these variables, as well as to the 
presence of malignancy (which is also incorporated into the 
operative severity score), there is concern that these data are 
not appropriate or relevant outside general and gastro- 
intestinal surgery. Other areas of specialization, such as 
vascular surgery and urology, will formulate their own 
POSSUM seoring systems, thus reducing its overall 
applicability and ability to provide meaningful comparison 
across the range of surgical specialties. 

In response to these concerns the authors considered 
whether an alternative system, based on easily collected 
clinical data independent of the surgeon, might provide an 
accurate prediction of mortality. Clinical experience 
suggests that the mode of presentation, co-morbidity and 
the magnitude of the surgical procedure generally predict 
patient outcome. An alternative risk scoring system 
incorporating the Confidential Enquiry into Perioperative 


Deaths (CEPOD) grade, the American Society of 


Anesthesiologists (ASA) grade and the British United 
Provident Association (BUPA) operative grade was for- 
mulated and assessed. 


Patients and methods 


All patients admitted under the care of three surgeons 
between May 1997 and October 1999 were assessed. 
Patients transferred to the care of the firm while an 
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inpatient and those whose care was on a shared basis with 
another firm were included. Each procedure was prospec- 
tively allocated a CEPOD category by the admitting 
physician, a BUPA category by the surgeon and ASA 
grade by the anaesthetist. Completeness of data collection 
and accuracy of grading and outcome were ensured at a 
weekly meeting of the surgical firm at which all patients 
discharged during the previous week were discussed. 
Hospital inpatient death was used as the outcome measure. 
All data were entered into a computerized database on a 
weekly basis and no reliance was made upon the patient 
administrative system run by the hospital. 

some 4308 patients were admitted during this period, of 
which 1351 (31 per cent) did not have an operation and were 
therefore excluded from further analysis. A total of 2957 
patients had an operation (154 had more than one operation 
during the admission), of whom 96 died during their stay in 
hospital (in-hospital mortality rate 0-03 per cent). Ten 
operative records did not contain the full data set required 
(none associated with death) and were therefore excluded. A 
total of 3144 procedures were available for analysis, of 
which 134 were associated with a negative outcome (i.e. 
death). 

The validation data set was derived from all admissions to 
the same three surgeons admitted between November 1999 
and December 2000. Some 2780 patients were admitted 
during this period, of which 834 (30 per cent) did not have 
an operative procedure and were therefore excluded from 
further analysis. Of 1946 patients who had an operation (57 
had more than one operation during the admission), 47 
patients died during their stay in hospital (in-hospital 
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Fig. 1 Predicted operative mortality (95 per cent confidence 
intervals). SRS, Surgical Risk Scale 


mortality rate 0-02 per cent). Seven operative records did 
not contain the full data set required (none associated with 
death) and were therefore excluded. A total of 2024 
procedures were available for analysis, of which 62 were 
associated with a negative outcome (i.e. death). 

The CEPOD and BUPA categories were allocated a 
linear ordinal scale (Table 1) and a multivariate logistic 
regression analysis involving three variables (CEPOD, 
BUPA and ASA grade) was undertaken. The logistic 
regression equation generated determined the association 
of death with the three variables, taking into account the 
relationship between the variables. A simple risk scale was 
designed (Surgical Risk Scale (SRS)) by adding together the 
values of the three variables (Table 1). This generated a scale 
ranging from 3 to a maximum of 14 against which a further 
univariate analysis was undertaken. 

Validation involved testing the SRS scoring system on 
another data set. Predictive ability and goodness of fit were 
assessed using classification tables for 10, 50 and 90 per cent 
decision criteria, receiver-operator characteristic (ROC) 
curves and calibration curves'’'*. Data analysis was 


undertaken in SPSS (SPSS, Chicago, Illinois, USA). 
Results 
Multivariate logistic regression analysis for the three scores 


(CEPOD, BUPA and ASA) revealed that each was 
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Fig. 2 Distribution of procedures undertaken (total 3144) with a 
schematic representation of where on the Surgical Risk Scale 
(SRS) the scores for various general surgical procedures lie. AAA, 
abdominal aortic aneurysm; OGD, oesophagogastric 
duodenoscopy 


independently significantly predictive of death (CEPOD 
B=0.57, P< 0-001; BUPA B= 0-37, P< 0.001; ASA 
B= 1.68, P < 0.001; constant = — 9-84). 

Univariate logistic analysis of the SRS score revealed it to 
be significantly predictive of death (B = 0-84, P < 0-001, 
constant = —9-81). Fig. 1 is a visual representation of the 
predicted mortality rate at each point on the SRS score. 
Fig. 2 shows, for the initial data set, the number of 
procedures undertaken at each of the SRS scores with the 
text indicating broadly where a number of common general 
surgical procedures lie. 


Goodness of fit of the Surgical Risk Scale model 


Table 2 is the classification table for the decision threshold 
of 50 per cent. At one extreme, 10 per cent decision criteria 
gave a high sensitivity (62 per cent) but a reduced specificity 
(95 per cent). At the other extreme, with 80 per cent decision 
criteria the high specificity (100 per cent) was accompanied 
by a low sensitivity (2 per cent). 

The calibration curves in Fig. 3 show how the observed 
and predicted risk of death increase in proportion to one 
another. The diagonal line represents the point at which the 
observed to predicted ratio is 1-0 for each category of 
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Table 2 Classification table for Surgical Risk Scale variable 
analysis with decision criteria of 50 per cent 





Sensitivity 25 per cent, specificity 99 per cent and total correct 
classification (accuracy) 96 per cent 


predicted death. The 95 per cent confidence intervals for 
the observed mortality rate at each level of predicted 
mortality encompass this line. 

Fig. 4 shows the ROC curves for the initial data set; the 
area under the curve was 0-93, The Hosmer-~Lemeshow test 
indicated that the model fits the data well (y? = 3-31, 5 df, 
P = 0-65). The ROC curve for the validation data set is also 
included for comparison. 


Discussion 


When formulating a risk assessment scoring system for 
comparative surgical audit it is important that, while 
accurate, it should be quick and easy to use at the bedside. 
The variables collected should be small in number, be 
available for every patient undergoing any operation, be in 
common use across the healthcare system and leave little 
room for observer bias. The score should then be easy to 
calculate from the data collected. Furthermore, it should be 
possible to integrate the scoring system into pre-existing 
audit programmes with a minimum of disruption. 

All three elements of the SRS fulfil these criteria. They 
are used commonly throughout the UK and the variables on 
which they are based are recorded for every patient 
undergoing surgery. No special investigations are needed. 
Only 17 (0-003 per cent) of the 4903 patients in this study 
could not be allocated an SRS score because there was 
insufficient information recorded in the case notes. A score 
can be calculated at the bedside and there are no 
complicated tables or calculations to make. The potential 
for interobserver error is small and it is difficult to inflate the 
score. The ASA grade alone leaves room for a small degree 
of subjective error, but it has the advantage of simplicity, of 
universal use and is known to be an effective risk indicator 
when used alone’? or in combination with other para- 
meters™!*, While there are concerns about the technical 
accuracy of the BUPA operative score with regard to some 
procedures, there is no room for error in interpretation and 
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Fig. 3 Calibration curves {symbols with 95 per cent confidence 
intervals) for mortality for a initial data set and b validation data 
set. Bars indicate the number of patients in each predicted risk 
group. The diagonal line represents an observed : expected ratio 
of 1-00 


there is general agreement as to its applicability such that it 
is already in common use. 

‘This large prospective study has shown that the SRS is an 
effective tool for predicting death. It is at least as accurate as 
14> . 
other scoring systems’ and is less complicated. The 
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Fig. 4 Receiver—operator characteristic curves for mortality. 
Area under the curve was 0-93 for the initial data set and 0-95 for 
the validation data set 


goodness of fit is demonstrated graphically by the ROC 
curves (Fig. 4), for which the area under the curve is a 
measure of accuracy. For the SRS this was 0-95, which 
compares favourably with that for POSSUM at 0.84*. 
However, predicted mortality using the CEPOD, ASA and 
BUPA classifications in the multivariate model 1s slightly 
more accurate, and that for ASA alone almost as accurate 
(Fig. 5). The ‘cost’ in loss of predictive power incurred by 
using a simple pragmatic score (SRS) is minimal compared 
with the complexities of multivariate regression equations. 
An ASA score alone is even simpler to use but its very 
subjective nature, in the absence of ‘operative’ and ‘mode of 
presentation’ components, increases its susceptibility to 
variation (Fig. 5). 

The vast majority of general surgical procedures under- 
taken fall into the low-risk category. The absolute mini- 
mum risk of mortality is 1-08 per cent using POSSUM? and 
0-2 per cent for P-POSSUM’. Even the latter is too high, as 
the risk of death for a fit patient undergoing minor or 
intermediate surgery approaches zero’! The lowest 
possible predicted chance of death with the SRS is 0.07 
per cent. 

In this study, all patients under the care of the index 
surgeon who had an operation during the study period were 
included in the results. None was excluded. This has not 
been the case for many of the audit systems described 
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Fig. § Receiver—operator characteristic curves for mortality in 
the validation data set for the composite Surgical Risk Scale 
(SRS) score (univariate analysis), the American Society of 
Anesthesiologists (ASA) score alone, and the Confidential 
Enquiry into Perioperative Deaths (CEPOD), British United 
Provident Association (BUPA) and ASA scores combined 
(multivariate analysis). Areas under the curve (95 per cent 
confidence interval) were 0-95 (0-93 to 0-97), 0-93 (0-90 to 0-97) 
and 0-96 (0-95 to 0-98) respectively 


previously. Klotz etal? included elective cases only, 
Whiteley etal? excluded all day-case and paediatric 
admissions, and Copeland ets.’ excluded all patients who 
did not require inpatient care for at least 24 h as well as 
patients undergoing trauma surgery. The present study has 
clearly demonstrated the accuracy of the SRS in assessment 
of risk for a broad group of patients undergoing surgery in a 
district hospital setting, rather than for selected subsets. 
One of the principal advantages of the SRS is that it is 
independent of the surgeon so that differences in surgical 
care and outcome can be highlighted. Surgeon-dependent 
variables such as blood loss are excluded. The score is 
calculated per procedure, rather than for the total admission 
(as for POSSUM). Thus, a surgeon who undertakes one 
correct operation will be treated equally with the surgeon 
who undermkes multiple operations for the same problem. 
It should be remembered that POSSUM allocates extra 
points for multiple procedures, potentially hiding technical 
surgical deficiencies under the ‘high risk’ banner’’. The 
SRS does not contain specific operative details so that it may 


apply equally well to all areas of general surgery and to other 
surgical specialties, such as orthopaedics and gynaecology. 
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The score is not only easy to calculate but also allows clear 
visualization of the result as there are only 12 possible 
scores. This may enhance the ability of the surgeon to form 
a more objective and accurate preoperative assessment of 
risk, which could then improve the information given to the 
patient and relatives. However, the SRS is principally a tool 
for comparative audit and is not designed to affect the 
decision to operate, a decision that must always remain 
clinical. 

In conclusion, reliable comparative audit is essential as 
the surgical standards of institutions and individual 
surgeons come under increasing scrutiny. To date there 
has not been a system for comparative surgical audit without 
major flaws. The SRS is easy to use, formulate and interpret, 
and has been validated in the authors’ patient population. It 
enables the evaluation of surgical practice independently of 
surgeon-related variables and is potentially applicable 
across the entire range of surgical specialties. 
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Background Transanal endoscopic microsurgery (TEM) is unpopular because of its high cost and most 
surgeons’ unfamiliarity with microscopic surgery. This report describes an experience with a 
modification of TEM, gasless video endoscopic transanal rectal tumour excision (gasless VTEM), which 
incorporates a standard laparoscopic video camera and requires no carbon dioxide insufflation system. 
Methods: One hundred and one patients with 105 rectal tumours underwent gasless VIEM between 
1993 and 2000. 

Results: Histologicel examination revealed 18 adenomas, 75 carcinomas (Tis, 47; T1, 23; T2, five), 11 
carcinoid tumours and one lymphoma. The median height above the dentate line and maximum tumour 
diameter was 5-0 (range 2-14) cm and 2-0 (range 0-4-8-0) cm respectively, The peritoneal cavity was 
opened intraoperatively in two patients. The median operating time was 53 (range 15-202) min. 
Bleeding, suture dehiscence and transient incontinence developed after operation in four patients. 
There was no operative death. Median hospital stay was 5 (range 1-21) days. Eleven patients with TL/ 
T2 staging underwent subsequent radical resection. The median duration of follow-up was 
52-3 months. One patient with a carcinoma developed a recurrence. 

Conclusion: Gasless VTEM is a feasible, safe and minimally invasive procedure for the treatment of 
selected rectal adenomas and early carcinomas. The suggested modifications may make the procedure 


more widely available. 
Paper accepted 4 February 2002 Brush Journal of Surgery 2002, 89, 769-774 
Introduction insufflation, irrigation and suction) and binocular stereo- 


Transanal endoscopic microsurgery (TEM) is an endo- 
luminal, minimally invastve technique for local excision of 
rectal tumours that was first developed by Buess et af.’ in 
1984. The major difference between TEM and the 
conventional trans-sacral or transabdominal approach is 
that there is no skin incision. Consequently, there is less 
patient discomfort, faster recovery and lower morbidity. 
The excellent tumour visualization provided by the endo- 
scopic approach enables precise excision of the tumour’. 
Unfortunately TEM has not gained widespread popu- 
larity“. Its major disadvantages include the high cost of the 
original instrument set, unfamiliarity of most gastro- 
intestinal surgeons with microscopic surgery, and the 
awkwardness and complexity of operating the TEM 
system”. In addition, the original apparatus, including a 
combined endosurgical unit (that regulates carbon dioxide 
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scopic eyepiece system, is relatively expensive. 

More recently, gastrointestinal surgeons have become 
increasingly well trained in videoscopic surgical techniques. 
Tt has been shown that general laparoscopic instrumenta- 
tion (a standard laparoscope, video camera and standard 
laparoscopic instruments) can be used for TEM. 
Swanstrom etal.’ reported a technique of video endoscopic 
transanal rectal tumour excision (VTEM), which uses a 
modification of the TEM instrument that incorporates a 
standard laparoscope and video camera as well as standard 
laparoscopic instruments. 

In this paper development of a modified VTEM (gasless 
VTEM) is reported, in which a standard laparoscopic video 
camera is used instead of the binocular stereoscopic 
eyepiece and carbon dioxide insufflation is not required. 
The surgical technique of gasless VTEM is described and 
early experience is reported. 
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Patients and methods 


Patient selection 


One hundred and one patients with 105 rectal tumours 
underwent gasless VTEM between September 1993 and 
March 2000 at Nagasaki University Hospital and Sasebo 
Municipal General Hospital. There were 69 men and 32 
women, of median age 64 (range 36-92) years. Three other 
patients, initially selected for gasless VTEM, were found to 
be unsuitable at the time of operation because of tumour 
height. These patients had laparotomy and partial resection 
of the rectum. 

The indications for gasless VTEM were: (1) sessile Tis or 
T1 tumours deemed unsuitable for complete excision by 
endoscopic snare diathermy; (2) T2 cancers (before endo- 
scopic ultrasonography became available in three patients 
and in two poor-risk patients); (3) carcinoid tumours; and 
(4) residual tumour after endoscopic snare diathermy. No 
patient received preoperative or postoperative chemo- 
therapy or radiotherapy. Patients who did not consent to 
the procedure and those with synchronous cancers were 
excluded from the study. 

Gasless VTEM was performed by two surgeons who had 
received no training in the TEM technique. A prospective 
registry was instituted in which patient and tumour 
demographics were recorded. A minimum of 1 year of 
follow-up was available for all patients. 


Operative technique 


All patients underwent preoperative colonoscopy with 
biopsy of the tumour and barium enema to confirm tumour 
location. Most of the cancers were evaluated with endo- 
scopic ultrasonography for preoperative staging. Some 2- 
3 litres polyethylene glycol electrolyte solution, given 1 day 
before operation, served as bowel preparation. 

Operations were usually performed under spinal anaes- 
thesia. General anaesthesia was selected for patients who 
had more than one tumour or a large tumour occupying 
more than one-third of rectal circumference, and when the 
surgeon estimated an operating time of 2 h or more. The 
position of the patient during operation was dependent on 
tumour location. Because the bevel of the rectoscope must 
face downward, patients were positioned accordingly: the 
patient was placed in the lithotomy position for a posterior 
or lateral lesion and in the prone position for an anterior 
lesion, 

The equipment consisted of a rectoscope tube (12 or 
20 cm long, 40 mm wide) with a face-piece, a supporting 
device that was attached to the operating table, and 
operating instruments (angled tissue graspers, high- 
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Fig. 1 Operative system for gasless video endoscopic transanal 
rectal tumour excision 


frequency cautery knife and injection needle) (Richard 
Wolf, Knittlingen, Germany)'*°. The combined endo- 
surgical unit for carbon dioxide insufflation, irrigation and 
suction, and the binocular stereoscopic eyepiece system 
were not used. A standard laparoscopic video camera was 
used in place of the stereoscope (Fig. 1). 

Gentle rectal dilatation was performed and a rectoscope 
of appropriate length was introduced under direct vision to 
the desired location so that the lesion occupied the centre of 
the field of view. The rectoscope was then secured to the 
operating room table by a supporting arm so that the bevel 
of the rectoscope softly touched the mucosal surface. A 
standard 10-mm laparoscope was connected to a video 
system to allow an adequate view of the operating field 
(Fig. 1). As carbon dioxide insufflation was not used during 
the operation, the face-piece with four ports did not have to 
be sealed by capped rubber sleeves. A needle-tip knife was 
used to outline circumferentially a 5-mm margin of normal 
mucosa. Adrenaline 1 : 50 000 solution was injected into 
the submucosal layer for haemostasis (Fig. 2a). 

Rectal adenomas and Tis cancers were resected by 
mucosectomy. I] cancers, carcinoid tumours and residual 
tumours after endoscopic snare diathermy were resected by 
mucosectomy or partial wall excision, and T2 cancers were 
resected by full-thickness excision. Mucosectomy, partial 
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wall excision and full-thickness excision were defined 
according to Buess etal,’ During resection the tumour 
was grasped, elevated and separated from the underlying 
muscularis (Fig. 2b and ¢) or extrarectal fat. In resecting a 
large lesion, the rectoscope was moved to keep the operative 
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Suturing begins 


Fig. 2 Procedures for gasless video endoscopic transanal 
rectal tumour excision. a A needle-tip knife was used to 
outline circumferentially a $-mm margin of normal 
mucosa: adrenaline 1 : 50 000 solution was injected into 
the submucosal layer for haemostasis. b The tumour 
edge was grasped, elevated and separated from the 
underlying muscularis. ¢ Resection of the tumour 
completed. d and e Primary closure with a knotted 3/0 
absorbable suture 


field in the centre of the visual field. After irrigating the 
wound with saline, primary closure was accomplished with a 
knotted 3/0 absorbable suture using a needle-holder and a 
string-knotting device (Mizuho, Tokyo, Japan) (Fig. 2d 
and e). 
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Pathological evaluation 


Immediately after gasless VTEM, resected specimens were 
spread on a cork specimen board by means of fine needles 
to avoid anatomical distortion by formalin fixation. 
Pathological examination of the resected specimen was 
done using stepwise parallel sections measuring 4 mm in 
thickness, each of which was stained with haematoxylin and 
eosin and elastica van Gieson. Pathological analysis of rectal 
cancers included depth of cancer invasion, presence or 
absence of lymphatic or vascular invasion, and tumour 
differentiation. Based on histological evidence, resection of 
each tumour was reported by the pathologist as either 
complete or incomplete according to the extension of the 
tumour to the resection margin®’. American Joint 
Committee on Cancer classification and stage grouping 
were used to classify the tumours'’. Each tumour was 


Table 1 Postoperative histology of tumours treated by gasless 
video endoscopic transanal rectal rumour excision 
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classified histopathologically according to World Health 
Organization criteria". 

A subsequent radical rectal excision (low anterior 
resection or abdominoperineal resection with lymph node 
dissection) was recommended for patients whose specimens 
resected by gasless VTEM revealed the following patho- 
logical findings: (1) TI carcinoma with lymphatic or 
vascular invasion, poor tumour differentiation or mucinous 
adenocarcinoma, and/or carcinoma infiltrating more than 
half the submucosa’; er (2) T2 carcinoma. 


Follow-up 


The patients were examined at 3-month intervals for the 
first 3 years after operation and every 6 months thereafter. 
Complete clinical examination, digital rectal palpation and 
sigmoid colonoscopy were performed. In addition, patients 
operated on for cancer underwent periodic evaluation for 
metastatic disease. Median length of follow-up was 52.3 
(range 12-2-91-1) months. No patient was lost to follow- 
up. 


Results 


Of the 101 patents, 97 had a single rectal tumour and four 
had two tumours. Of the 105 rectal tumours, 62 tumours 
were removed by mucosectomy, 37 tumours by partial wall 
excision and six by full-thickness excision. Eighteen lesions 





10 
8 2 
| 
eo ° 
2 |] n 
S e 
w% 
5o è? 
Si 
oes, 2oe 
Maximum tumour diameter 

b Diameter 


Fig. 3 a Individual rumour distance from the dentate line. b Individual maximum tumour diameter 
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had a postoperative histological diagnosis of benign 
adenoma. There were 75 adenocarcinomas (Tis, 47; T1, 
23; T2, frve), 11 carcinoid tumours and one lymphoma 
(Table 1). The median height of the tumour above the 
dentate line was 5-0 (range 2-14) cm and the median 
maximum diameter of the tumour was 2-0 (range 0-4 
8-0) cm (Fig. 3). The tumour position within the rectum 
was classified as posterior in 49, anterior in 29, left lateral in 
12 and right lateral in 15. 


Intraoperative course 


Eighty-five patients underwent gasless VIEM under spinal 
anaesthesia, while 16 patients required general anaesthesia. 
Intraoperative complications occurred in two patients, in 
whom the peritoneal cavity was opened. In both patients the 
tumour (Tis) was located above the peritoneal reflection 
and the operation was converted, with complete excision of 
the tumour. Excluding these two patients, the median 
operating time and blood loss was 53 (range 15~202) min 
and 5 (range 0-450) ml respectively. The median operating 
time was 60 (range 25-191) min for mucosectomy, 43 
(range 15-202) min for partial wall excision and 75 (range 
40-120) min for full-thickness excision. 


Postoperative course 

There was no operative death. Four patients (4 per cent) 
developed postoperative complications: bleeding (two), 
suture dehiscence (one) and transient incontinence to liquid 
and gas (one). These were managed conservatively. The 
median length of hospital stay was 5 (range 1-21) days. 


Adenomas 


Eighteen patients had a postoperative diagnosis of benign 
adenoma, and in all complete excision of the tumour was 
confirmed histologically. Microscopic examination showed 
that the median margin of clearance was 0-6 (range 0-5- 
2-4) mm in depth and 2-6 (range 1-8-4-1) mm in width. No 
patient with adenoma developed a tumour recurrence. 


Carcinomas 

Seventy-five patients had a postoperative diagnosis of well 
or moderately differentiated adenocarcinoma. In all com- 
plete excision of the tumour was confirmed histologically. 
Microscopic examination showed that the median margin 
of clearance was 1-0 (range 0-6-5-6) mm in depth and 34 
(range 2-0-5-5) mm in width. Of the 11 patients with a T1 
tumour in whom there was an indication for additional 
radical operation, eight underwent low anterior resection 
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with lymph node dissection and three refused additional 
operation. Of five patients with a T2 tumour, two under- 
went low anterior resection, one abdominoperineal resec- 
tion with lymph node dissection, and two elderly poor-risk 
patients were followed without additional surgery. 

One patient with a Tis carcinoma (well differentiated 
adenocarcinoma without lymphatic or ‘vascular invasion) 
developed a local tumour recurrence that was completely 
resected by reoperation using gasless VTEM 26 months 
after the initial surgery. 


Discussion 


Although the original TEM developed by Buess et al.” is 
patient friendly, it is not user friendly’. The major 
disadvantages of the original procedure are that it is 
technically demanding and complex to set up. 
Microscopic surgery using the binocular stereoscopic 
eyepiece system is unfamiliar to most gastrointestinal 
surgeons. In addition, the apparatus is relatively expensive. 
Recently, the videoscopic surgical technique has become 
more familiar, easier to learn, and is more widely accepted 
by general and colorectal surgeons and their nursing staff. 
Swanstrom etal.’ reported a modification of the TEM 
technique (VTEM) that incorporates a standard laparo- 
scope and video camera as well as standard laparoscopic 
instruments. Use of an already available laparoscope and 
laparoscopic instruments decreased the initial cost of the 
set-up from US $68 000 to US $39 000°. Gasless VTEM 
also uses a standard laparoscope and video camera instead of 
a binocular stereoscopic eyepiece system. Not only is the 
procedure feasible and safe, but the ergonomics of the 
system and the large-screen view obtained make the 
procedure comfortable for the surgeon’. The original 
TEM also requires carbon dioxide insufflation and use of 
special instruments (the combined endosurgical unit) that 
regulate carbon dioxide insufflation, irrigation and suction. 
On the other hand, the gasless VTEM described in this 
study is performed without carbon dioxide insufflation. 
This adaptation further decreased the cost of the set-up 
from US $39 000 to US $19 200. 

Use of gasless TEM has been described previously >". 
Kakizoe etal.'* and Yamashita etal?’ reported rectal 
tumour resection by gasless TEM using a newly developed 
rectoscope. Ikeda etal.” also reported on three patients 
with T1 rectal tumour successfully resected by TEM, using 
a design similar to that currently described. 

The surgical outcomes (operating time, blood loss, 
operative mortality and morbidity rates, and tumour size) 
achieved with gasless VIEM were similar to those reported 
using the original TEM®!*"". However, tumonrs in the 
distal sigmoid colon (up to 22 cm from the anal verge) can 
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also be resected by latter technique’®, whereas it is not 
possible to resect tumours above 14cm with gasless 
VTEM. Carbon dioxide insufflation in the original 
procedure may broaden the surgical field and allow 
resection of the tumour in the distal sigmoid colon. In the 
present series, excision by gasless VTEM in three patients 
proved impractical at the time of surgery, as the rectoscope 
could not reach tumours located high on the anterior wall. 
Such patients may have been suitable for TEM with carbon 
dioxide insufflation. 

Buess etal.**° identified two subgroups of patients 
suitable for TEM excision: patients with a good chance of 
curative treatment with T1 low-risk carcinoma and patients 
with a limited chance of curative treatment with T2 low-risk 
carcinoma? ™., The authors agree with the indications 
reported by Buess etal.’*° if the latter indication is reserved 
for elderly or high-risk patients. TEM should be restricted 
to patients with T1 low-risk carcinoma’®. In the current 
study, to date, only one patient with Tis carcinoma has 
developed a tumour recurrence at the resection site. This 
may have been due to an incomplete margin of excision. 

The gasless VPEM presented in this study is a feasible, 
safe and minimally invasive procedure for the treatment of 
carefully selected rectal adenomas and early carcinomas. 
The advantages of gasless VTEM are the low cost of 
instrumentation, the ease of set-up, and the familiarity of 
surgeons with video-assisted surgery. These modifications 
have made TEM more widely available to more surgeons, 
and potentially the treatment of choice for selected patients 
with rectal adenoma and early carcinoma. 
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Backgrounds Lengthening of the mesentery by vascular division may be neceseary to perform an ileal 
pouch—anal anastomosis without tension. The aim of this study was to compare, in fresh cadavers, the 
increase in mesentery length after division of the ileocolic pedicle (ICP) and the superior mesenteric 
pedicle (SMP). 

Methods: Total colectomy was performed in 12 fresh cadavers, which were then randomly divided into 
two groups. Pouch—anal anastomosis was performed with division of the ICP in one group of six 
cadavers and with division of the SMP in the other. The ileum was measured and the increase in length 
was recorded and compered statistically. 

Results: The mean(s.d.) increase in length was 3-0(0-8) cm after ICP division and 6-5(1-1) cm after SMP 
division (P < 0-001). The distance between the end of the ileum and the point giving the greatest length 
was 25-5(5-0) cm in the ICP group and 46-8(4-2) cm in SMP group (P < 0-001). 

Conclusion: In fresh cadavers, the increase in mesenteric length was greater after SMP division than 
after ICP division, but if pouch-anal anastomosis is performed a short segment of small bowel must be 


removed. 


Paper accepted 1 February 2002 


Introduction 

Since its initial description in 1978’, restorative proctoco- 
lectomy with ileal pouch~anal anastomosis has become the 
procedure of choice for patients with chronic ulcerative 
colitis or familial adenomatous polyposis. The J pouch is 
the most commonly used configuration’, and only the 
choice between a stapled or handsewn anastomosis remains 
controversial**, 

Pouch—anal anastomosis may be difficult when the small 
bowel mesentery is too short. In such cases, several 
techniques for lengthening the mesentery have been 
proposed, including vascular division. Division of the 
ileocolic pedicle (CP) is probably the most commonly 
used?’®, If the ileum did not initially reach the anal canal, the 
authors have divided the superior mesenteric pedicle (SMP) 
high in the mesentery, a manoeuvre previously shown to be 
safe with no effect on functional outcome after pouch—anal 


anastomosis’. 
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The aim of this study was to compare, in fresh cadavers, 
the increase ın length of the mesentery after division of the 
ICP and after division of the SMP. 


Materials and methods 


This study was performed in the Anatomical Laboratory of 
the Paris School of Medicine on 12 fresh cadavers. None of 
these cadavers had previously undergone abdominal 


surgery. 


Surgical procedure 

Total colectomy was performed through a midline and 
transverse laparotomy. The terminal ileum was divided 
close to the caecum and the ICP was preserved. The 
posterior attachment of the entire small intestinal mesen- 
tery was mobilized up to the third portion of the duodenum. 
The inferior part of the head of the pancreas was mobilized. 
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Methods of measurement (Fig. 1) 


The point of the ileum that gave the greatest length, the best 
potential site for ileoanal anastomosis, was marked (I point). 
The distance between the end of the ileum (E point) and the 
I point was recorded (EI). The ileum was stretched towards 
the lower edge of the symphysis pubis (S point) and the 
distance between the S point and the I point was recorded 
(SI). Ifthe ileum was above the lower edge of the symphysis 
pubis, then SI was negative, and if it was below the 
symphysis pubis SI was positive. 


Vascular divisions 


The cadavers were randomly assigned to one of two groups. 
In the first group of six the ICP was divided and in the 
second the SMP was divided. The ICP was divided at the 
midpoint between its origin and the marginal vascular 
arcade (Fig. 2). The SMP was divided 2-3 cm after the 
origin of the ICP (Fig, 3). In each group the mesentery was 
opened extensively beyond the vascular division. 

After division of the vessels, the point of the ileum that 
gave the greatest length had changed; this new point was 
marked (I’ point). The new distance between the end of the 
ileum (E point) and the I’ point was recorded (EI’). The 
ileum was stretched and the distance between the lower 
edge of the symphysis pubis (S point) and the I’ point was 
recorded (SI’). 


Statistical analysis 


The Student’s ¢ test was used for statistical analysis. P < 0-05 
was considered to be statistically significant. 


E point 
Distance S point 
EI or El’ Distance 
SI or SI’ 
l or l' point 





Fig. 1 Stretching of the ileum towards the symphysis pubis 
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Results 


The two groups of cadavers had a similar mean age at the 
time of death, sex ratio and mean post-mortem delay 


(Table 1). 


Before vascular division 


The mean(s.d.) distance between the point of the ileum 
giving the greatest length (I point) and the extremity of the 





Fig. 2 Division of the ileocolic pedicle (ICP) 





Fig. 3 Division of the superior mesenteric pedicle (SMP) 
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Table t Comparison of cadavers undergoing division of the 
ileocolic pedicle or superior mesenteric pedicle 





Values are mean(s.d.). ICP, ileocolic pedicle; SMP, superior mesenteric 
pedicle. ‘Student's ¢ test 


Table 2 Changes in measurements after division of the ileocolic 
pedicle or superior mesenteric pedicle 





Values are mean(s.d.). ICP, ileocolic pedicle; SMP, superior mesenteric 
pedicle. El and El’, distance between the end of the ileum and the 
point of the ileum giving the maximum length; SI and SI’, distance 
between the point of the ileum giving the maximum length and the 
lower edge of the symphysis pubis. “Student's ¢ test 


ileum (E point) was 27-3(3-5) em in the ICP group and 
22-0(7-0) em in the SMP group (Table 2). The mean 
distance between the I point and the lower edge of the 
symphysis pubis (S point) was 0-2(2-7) and 1-5(2-8) cm 
respectively (Table 2). 


After vascular division 


The new point of the ileum giving the greatest length (I 
point) was very close to the original I point after ICP 
division (EI = 25.5(5) cm). In contrast, the I point was 
further than the I point from the S point after SMP division 
(EY = 46-8(4-2) cm) (P < 0-001) (Table 2). The distance 
between the I and I’ points was 3-5(2-7) em after ICP and 
24.8(4.5) cm after SMP division. 

After vascular division, the mean distance between the I’ 
point and the lower edge of the symphysis pubis ($) was 
3.2(2-3) cm after ICP division and 8-0(2.6) cm after SMP 
division (P < 0-01) (Table 2). The mean increase in mesen- 
tery length was 3-0(0-8) cm after ICP and 6-5(1-1) cm after 
SMP division (P < 0-001) (Table 2). 


Discussion 


The blood supply of the terminal ileum arises from the 
terminal branches of the superior mesenteric vessels. These 
terminal branches classically form anastomoses with the 
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marginal vascular arcade of the right colon, which itself 
originates from the ileocolic artery and the right colic 
pedicle, and forms anastomoses with branches of the 
inferior mesenteric pedicle. If there is sufficient flux and 
the marginal vascular arcade is preserved, vascularization of 
the terminal ileum may theoretically be achieved by only 
one of the pedicles or by the arcade itself. 

During pouch~anal anastomosis, simple manoeuvres to 
increase the length of the mesentery are performed, such as 
moving the posterior attachment of the entire small bowel 
mesentery up to the third portion of the duodenum, 
exposure of the inferior portion of the head of the pancreas 
and division of the peritoneum of the mesentery on the 
anterior and posterior sides”. If such manoeuvres are 
insufficient to achieve anastomosis without tension, vascu- 
lar division is necessary. This is particularly true if the 
mesentery is short, as in an obese patient with a narrow 
pelvis, or if there is a desmoid tumour in the mesentery. 

Division of two or three distal branches is thought to be 
hazardous owing to the risk of segmental necrosis of the 
terminal ileum®”. Proximal division is therefore favoured. 
Division of the ICP and the right colic pedicle at their 
origins, with division of the distal third of the SMP and 
preservation of the marginal vascular arcade of the right 
colon have been performed in an anatomical study, 
resulting in a 36-5 per cent increase in the length of the 
mesentery’. The right colic pedicle is not usually preserved 
during colectomy; the technique most frequently used to 
lengthen the mesentery is division of the ICP. The authors 
prefer division of the SMP high in the mesentery, 2-3 cm 
beyond the origin of the ICP, because in most patients in 
whom the terminal ileum is stretched at the anus the axis of 
tension corresponds to the SMP. This manoeuvre is safe if 
the colour of the ileum remains unchanged after clamping 
of the SMP for at least 15 min before division, and has no 
effect on functional outcome after pouch-anal anastomo- 
sis’. 

This study shows that in cadavers the increase in length of 
the mesentery is greater after division of the SMP high in the 
mesentery than after division of the ICP. However, two 
points must be emphasized if division of the SMP is to give a 
true increase in mesentery length: first, the mesentery must 
be divided extensively around the vascular division and, 
second, the point of the ileum giving the greatest length 
must be systematically recalculated (I’ point). 

The I point is generally further away from the end of the 
ileum after division of the SMP. In this anatomical study, 
the mean distance between the end of the ileum and the I 
point was 22 cm, whereas after SMP division the distance 
between the end of the ileum and the I’ point was 47 cm. If 
the 18 cm of one limb of the future J pouch is subtracted 
from the 47 cm, this leaves about 30 cm of ileum that must 
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be removed. This resection is, of course, open to criticism 
because the overall length of small bowel has a major effect 
on the quality of function after pouch—anal anastomosis. In 
real surgical conditions (living patients), the overall length 
of the small bowel is variable owing to contraction of the 
muscular intestinal wall. However, it is usually less than 
5 m, whereas the length of the small bowel in cadavers is 
generally between 6 and 7 m. After clinical pouch—anal 
anastomosis with division of the SMP, the length of small 
bowel removed never exceeds 20 cm. 

The volume of stool may be increased in patients with a 
terminal ileostomy if 20 cm of terminal ileum is lost. In the 
authors’ clinical experience, there was no difference in stool 
frequency after pouch—anal anastomosis with division of the 
SMP and the procedure without pedicle division’. This was 
explained partly by the short segment of small bowel that 
was removed, but also by the function of the pouch, which 
probably reduced the consequences of the loss of intestine. 
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Baokgrounc: The widespread introduction of laparoscopic adrenalectomy (LA) may have broedened the 
indications for a surgical approach to adrenal lesions. The aim of this study was to evaluate how the 
introduction of the laparoscopic technique changed the profile of patients referred for adrenal surgery. 
Methode: Some 243 patients, who underwent adrenal surgery between November 1986 and December 
1999, were divided in two groups: patients in group 1 underwent surgery before the introduction of LA - 
(November 1986 to May 1993) and those in group 2 were operated on after the introduction of LA (June 
1993 to December 1999). The groups were compared with respect to gender, age, preoperative 
diagnosis and lesion size. 

Resulte: There were 88 patients in group 1 and 155 in group 2. The mean number of adrenal operations 
per month was 1-1 during the first period and 2-0 during the second. No differences were found in 
gender and lesion size. The statistical analysis showed a significant difference in indications for surgery 
(P = 0-005). ‘The patients in group 2 were older but, after excluding those with metastases, the 
difference between the two groups was not significant. 

Conolusiom: The introduction of LA resulted in an increase in the number of patients referred. The 
criteria for patient selection did not change, but more patients with adrenal metastases and 
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Introduction 


Since its first description in 1992+, laparoscopic adrena- 
lectomy (LA) has been used with increasing frequency and 
several studies have documented its superiority over 
conventional open adrenalectomy in terms of postoperative 
recovery, hospital stay and overall cost’. This operation is 
now considered the gold standard approach for removal of 
adrenal lesions’. Moreover, recent reports® '* have sug- 
gested that indications for LA may be broadened to include 
lesions such as phaeochromocytoma, metastases, and large 
and/or potentially malignant adrenal tumours for which a 
laparoscopic approach has previously been considered 
hazardous!’, 

One possible concern about the wide application of this 
minimally invasive technique is that it might result in a 
marked change in patient selection for surgery, since both 
patients and endocrinologists tend to prefer surgical 
treatment. This is of particular concern in the case of 
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small non-functioning incidentalomas for which surveil- 
lance is generally indicated’*"'’. 

Tend chascuiy wise ane 
introduction of LA has resulted in a significant change in 
indications and patient selection for adrenal surgery. 


Patients and methods 


All patients who underwent adrenal surgery in this 
department between 1 November 1986 and 31 December 
1999 were included ın the study. The medical records of 
these patients were reviewed and data were collected on 
gender, age, indication for surgery (preoperative diagno- 
sis), preoperative estimated size of the lesion (ultrasono- 
graphy, computed tomography (CI) and magnetic 
resonance imaging (MRJ)), surgical approach and proce-. 
dure, operative time, postoperative stay and complications, 
and final histology. 

The patients were divided in two groups, according to 
whether they were operated on before or after the 
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introduction of LA in this department in June 1993, Group 
| included patients operated on between 1 November 1986 
and 31 May 1993, and group 2 those operated between | 
June 1993 and 31 December 1999. The study interval for 
both groups was 79 months. 

Data for the two groups concerning gender, age, lesion 
size and preoperative diagnosis were analysed and com- 
pared. Statistical analysis was performed by using the ż test 
for age, Wilcoxon’s unpaired test for lesion size, and the y” 
test for gender and preoperative diagnosis. JMP” software 
(SAS Institute, Cary, North Carolina, USA) was used. 
P < 0-05 was considered statistically significant. 


Results 


Between November 1986 and December 1999, 243 patients 
were operated on for an adrenal disease. Eighty-eight 
patients (36-2 per cent) were operated on during the first 
interval and were included in group 1; the remaining 155 
patients (63-8 per cent) were operated on during the second 
interval and were included in group 2. The mean number of 
adrenal operations per month during the first 79-month 
period was 1-1 while that during the second interval was 2-0, 
The ratio between the mean number of adrenal operations 
per month during the second and the first period was 1-8. 

Group | included 31 men (35.2 per cent) and 57 women 
(64-8 per cent) with a mean(s.d.) age of 46-6(13-2) (range 13- 
80) years. The mean(s.d.) operative time was 154-2(61-1) 
(range 85-345) min. The mean(s.d.) maximum diameter of 
all the lesions, estimated by ultrasonography, CT or MRI, 
was 39-8(32-6) (range 7-170) mm, while that for incidenta- 
lomas, which represented 12.4 per cent of all the adrenal 
tumours diagnosed in the first interval, was 48.6(21-7) 
(range 40-100) mm. Adrenalectomy was performed in all 
but one patient who had an inoperable adrenal cortical 
carcinoma. Postoperative complications were observed in 
four patients (4-5 per cent) (one retroperitoneal haema- 
toma, one left pneumothorax, one renal failure and one 
wound infection). Mean(s.d.) postoperative stay in hospital 
was 6.7(2-8) (range 3-19) days and postoperative recovery 
was complete (return to work or normal activities) after 
18-5(4-3) (range 10-32) days. 

Group 2 included 70 men (45-2 per cent) and 85 women 
(54-8 per cent) with a mean(s.d.) age of 50-4(13-9) (range 13- 
79) years. The mean(s.d.) estimated maximum diameter of 
all the lesions was 35.6(19-1) (range 9-100) mm, while that 
for incidentalomas, which represented 39-3 per cent of all 
adrenal tumours diagnosed in the second interval, was 
45-6(19-5) (range 20-100) mm. A laparoscopic approach 
was used in 137 patients (88-4 per cent), while open 
adrenalectomy was performed in 18 (11-6 per cent). Of the 
latter, four patients presented with a large phaeochromo- 
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cytoma (greater than 4 cm) that in the early phase of the 
learning curve was considered a contraindication to 
laparoscopy, one patient presented with a phaeochromo- 
cytoma and associated paragangliomatosis, four patients 
presented with an adrenal mass that was suspected to be 
malignant, five patients were excluded on the basis of a 
medical contraindication to pneumoperitoneum (pulmon- 
ary fibrosis in two, cardiac failure in two, coagulation 
disorders in one) and four refused LA. 

Six laparoscopic approaches (4-4 per cent) required 
conversion to an open operation because of intraoperative 
cardiac failure (one), diaphragmatic perforation and pneu- 
mothorax (one), difficult dissection a schwannoma (one), 
bleeding (one) and in patients with Cushing syndrome 
(two). 

Adrenalectomy was performed in all but seven patients 
(4-5 per cent), in whom an explorative laparotomy with 
biopsy of the lesion was performed because of advanced 
malignant disease. Mean(s.d.) operative time was 
110-9(52-8) (range 30-420) min. Postoperative complica- 
tions were observed in six patients (3-9 per cent) (bleeding 
(four), mediastinal emphysema (one) and cerebral ischaemia 
(one)). The mean(s.d.) postoperative stay in hospital was 
4-3(1-7) (range 2-12) days for group 2 as a whole, and 
3-8(1-2) (range 2-8) days for those who had a successful LA. 
The mean(s.d.) time to complete postoperative recovery 
(return to work or norma! activities) in group 2 as a whole 
was 10-5(3-5) (range 6-15) days. 

The demographic characteristics and preoperative diag- 
noses in the two groups are reported in Table 1. The final 
histological diagnoses are recorded in Table 2. There were 


Table 1 Patient characteristics and preoperative diagnosis in 
group | (i November 1986 to 31 May 1993) and group 2 
(1 June 1993 to 31 December 1999) 





“Values are mean(s.d.) (range); twalues in parentheses are percentages. 
Evaluated by preoperative ultrasonography, computed tomography or 
magnetic resonance imaging. §P = 0-04 versus group 1 ( test); the two 
groups are comparable if patients with metastases in group 2 are 
excluded. JP = 0.005, group | versus group 2 (x? test) 
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no statistically significant differences between the two 
groups with respect to gender and size of the lesion, but 
there were significant differences in indications for surgery 
(preoperative diagnosis) (P = 0-005). Patients in group 2 
were significantly older than those in group 1 but, if those 
with metastases were excluded, the difference between the 
two groups was not significant (Table 1). 


Discussion 


During the past decade LA has become the accepted 
standard for adrenal surgery’ because of its many advan- 
tages over conventional surgery in terms of postoperative 
outcome and overall costs*~°. Moreover, the low morbidity 
rate and early recovery after this operation have led some 
authors to propose that LA may be performed on an 
outpatient basis””. 


Table 2 Histological diagnosis in group 1 (1 November 1986 to 
31 May 1993) and group 2 (1 June 1993 to 31 December 1999) 





Values in parentheses are percentages. *Schwannoma. 7Metastasis from 
lung carcinoma in seven patients (4-5 per cent), colonic carcinoma in 
one (0-6 per cent), occult malignant neoplasia in one (0-6 per cent) and 
renal carcinoma in three (1-9 per cent). {Lymph node, cavernous 
haemangioma, schwannoma, neurofibroma (one patient each) 


Table 3 Number of patients referred and operated annually 


Safety and shortened hospital stay have made LA more 
readily accepted by both patients and endocrinologists. 
However, this raises concern that the indications for 
adrenalectomy will widen, and result in overtreatment of 
some patients. Heretofore surgery has been advocated for 
functioning or suspicious adrenal masses, but the manage- 
ment of clinically silent adrenal lesions (incidentalomas) 
continues to be debated. Malignancy cannot be excluded 
completely by imaging studies and so no unequivocal 
guidelines exist, although most authors advocate surgery 
only for adrenal lesions larger than 3-4 em!°"'”, 

No study has addressed the impact of LA on selection of 
patients for surgery, in spite of the large number of papers 
published about this procedure. The results of the present 
study show that, at least in one department, the introduction 
of LA has resulted in only marginal changes to the 
guidelines for surgical intervention. Nevertheless a sub- 
stantial increase in the number of patients operated on for 
adrenal disease was noted, from 88 to 155 in two equivalent 
time periods (Table 3). This increase may be explained by an 
improvement in imaging techniques, which resulted in an 
increase in the diagnosis of adrenal masses from 190 in the 
first interval to 220 in the second'® T”, 

It is reassuring that changes in modalities used to identify 
patients who presented with an incidentaloma did not result 
in changes in the size of lesions removed, thus the 
indications for surgical treatment of an incidentaloma did 
not change in this unit. All adrenocortical carcinomas either 
diagnosed or even suspected before operation were 
excluded from the laparoscopic approach, in accordance 
with a recent study”. In addition, tumours that exceeded 
8 cm in largest diameter were not removed laparoscopi- 
cally. It is concluded that availability of a laparoscopic 
approach does not lead to surgeons and endocrinologists 
overtreating their patients. 

Adrenal metastases represent a new indication for LA. 
Oncologists may be prepared to refer selected patients for 
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laparoscopic surgery because it is minimally invasive. 
Considering the excellent compliance shown by these 
patients and the encouraging results obtained''’'*, this 
new indication may represent an important advance 
produced by the introduction of LA. Indeed, in recent 
years a more aggressive approach to solitary adrenal 
metastases from non-adrenal cancer in selected patients 
has been proposed by several authors”? 

In conclusion, the introduction of LA resulted in an 
increase in the number of patients referred, but only in a 
slight change in the profile of patients who underwent 
surgery. More patients with incidentalomas and adrenal 
metastases were selected for surgery, probably because ofan 
improvement in imaging. The mean size of the lesions 
removed did not change. Although there was a significant 
difference between the two groups in terms of age, this was 
accounted for by patients with metastases in the later group. 
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Baokgrounds A small number of patients develop acute severe dysphagia for which reoperation is 
necessary within 10 days of laparoscopic fundoplication. The aim of this study was to identify clinical 
variables that might predict the likelihood of this condition occurring, such that it could be avoided in 
the future. 

Methode: This was a prospective cohort study from three tertiary referral centres, using reoperation for 
acute dysphagia as the main outcome variable. Gastrointestinal symptom rating scale, and psychological 
well-being index questionnaires were undertaken before laparoscopic fundoplication, and dysphagia 
scores were determined before operation and 1 year later. Standard preoperative assesament included 
gastroscopy, oesophageal manometry and pH studies. 

Resuite: Twelve (1-9 per cent) of the 617 patients suffered acute dysphagia, which was predicted by 
older age and female sex, and resulted in a longer duration of hospital stay. This condition was not 


predicted by any other demographic, clinical, investigative or operative variables. 
Conclusion The study did not identify useful criteria by which severe acute dysphagia could be 
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Introduction 


Laparoscopic fundoplication is established as an effective 
solution to gastro-oesophageal reflux (GOR) disease, and 
has lower rates of morbidity and mortality than open 
antireflux surgery’. Although extensive experience with 
laparoscopic fundoplication has now been accrued, and 
medium- to long-term results are good*~, in the short term 
a small number of patients suffer acute total dysphagia. This 
requires reoperation within days of surgery®’. 

The aim of this study was to identify any clinical pattern 
that could predict the likelihood of acute severe dysphagia, 
in the hope that risk factors could be used to modify the 
operative procedure and management accordingly. 


Patients and methods 


From September 1991 to March 1999, data were collected 


prospectively on 617 consecutive patients undergoing first- 
time laparoscopic fundoplication for uncomplicated GOR. 


Indications for surgery included GOR resistant to medical 
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treatment, a desire to avoid long-term medical therapy, and 
laryngopulmonary symptoms such as chronic adult-onset 
cough or asthma. Patients were excluded if they had 
undergone previous antireflux surgery, or if the primary 
indication was a large paraoesophageal or mixed hernia. 
Gastrointestinal symptom rating scale (GSRS)* and 
psychological well-being index (PWBI)’ questionnaires 
were undertaken before operation. GOR (DeMeester) 
symptom scores’? were the tool by which patients rated 
their swallowing symptoms on a scale of 0-3 before surgery 
and at 1 year after operation. It is generally accepted that 
dysphagia scores of 0 or 1 represent normality, whereas 
scores of 2 or 3 represent clinically significant dysphagia. All 
questionnaires were self-administered and collected by an 
independent research nurse. The patients had at least one 
preoperative gastroscopy performed, with the worst level of 
oesophagitis quantified using Sa iller scores’?. 
Oesophageal manometry was undertaken using a standard, 
station pull-through technique after a 6-h fast using a 
Gaeltec system (Dunvegan, Isle of Skye, UK). Oesophageal 
body peristalsis was measured during ten 5-ml water 
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swallows 30 s apart. Twenty-four-hour pH studies were 
performed where necessary to confirm the diagnosis of 
GOR using a naso-oesophageal pH catheter (Zinetics/ 
Medtronic, Skovlunde, Denmark)! ^. 

Operation was performed by one of four surgeons, all of 
whom were beyond the learning curve for laparoscopic 
fundoplication!’ using a standardized technique as 
described previously®. All procedures were performed 
with posterior crural repair, following division of the 
short gastric vessels in the majority of cases. Care was 
taken to ensure a loose, floppy wrap fixed to the oesophagus 
over a 45-60-Fr intraoesophageal bougie. A number of 
patients had a concurrent laparoscopic procedure such as 
cholecystectomy. Selected patients underwent partial fun- 
doplication procedures, either a posterior 200-270° Toupet 
wrap? or an anterior 180° fundoplication!’ if, in the 
opinion of the operating surgeon, a full wrap might place 
the patient at high risk of chronic postoperative dysphagia 
because of oesophageal dysmotility on preoperative mano- 
metric testing’. Patients were usually discharged on 
postoperative day 2 when able to tolerate a texture-modified 
diet. 

Patients who suffered early total dysphagia that required 
reoperation were defined as those unable to swallow liquids 
within 10 days of the original operation. The decision to 
reoperate was made on clinical grounds by the operating 
surgeon. | 

Comparative results were analysed with SPSS for 
Windows version 9.0 statistical software (SPSS, Chicago, 
Illinois, USA) using the Mann-Whitney U test for 
continuous variables and Fisher’s exact test for categorical 
variables, with a two-tailed æ level of 0-05. 


Results 


Of the 617 patients who had laparoscopic fundoplication, 
12 (1-9 per cent) suffered acute dysphagia that required 
reoperation within 10 days. Patients with acute dysphagia 
were significantly older by a median of 11 years and 
significantly more likely to be female (Table 1). There was 
no significant difference in the rate of acute dysphagia 


Table 1 Demographic data in 617 patients who had laparoscopic 
fundoplication 





*Values are median (range). ‘Mann-Whitney U test. n.s, Not 


significant 
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among patients operated on by each of the tour surgeons in 
the study. 

The median duration of preoperative symptoms was not 
significantly different between patients with acute dyspha- 
gia (81 months) and the remainder (60 months). Typical 
reflux symptoms were the most common indication for 
laparoscopic fundoplication in this series (548 patients). 
Sixty-six patients underwent surgery for laryngopulmonary 
symptoms and two had operation for peptic oesophageal 
stricture; data for the remaining patient were missing. The 
indication for surgery was not related to the occurrence of 
acute dysphagia. 

The development of acute dysphagia was also unrelated 
to the diagnosis at gastroscopy (oesophagitis, stricture, 
hiatus hernia or Barrett’s oesophagus), GOR (DeMeester) 
symptom score, or GSRS and PWBI results. Patients with 
an abnormal pH study were no more likely to suffer acute 
postoperative dysphagia. nor were patients with abnormal 
preoperative lower oesophageal sphincter pressures. Six 
patients with normal preoperative motility developed acute 
postoperative dysphagia, as did six patients with preopera- 
tive dysmotility (considering all grades of abnormal 
persitalsis together) (Table 2). Although a higher percen- 
tage of those with aperistalsis suffered acute postoperative 
dysphagia, the differences were not statistically significant. 

Ten patients suffered acute dysphagia following laparo- 
scopic Nissen fundoplication and had laparoscopic re- 
operation to a partial fundoplication. One patient whose 
initial procedure was a partial posterior fundoplication had 
laparoscopic reoperation to an anterior fundoplication, and 
another had a 180° anterior fundoplication revised laparo- 
scopically to a 90° left anterolateral fundoplication. Neither 
the completeness of the initial fundoplication, the duration 
of surgery, nor division of the short gastric vessels had a 
statistically significant impact on the outcome with respect 
to acute dysphagia (Table 3). Among patients who had 
concurrent cholecystectomy, none developed acute dyspha- 
gia. Twelve patients hada laparoscopic procedure converted 
to an open fundoplication, but none subsequently developed 


Table 2 Preoperative oesophageal motility in 598 patients 
betore laparoscopic fundoplication 





relationship between early dysphagia and preoperative manometric 
measurements 
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acute postoperative dysphagia. There were no deaths in this 
series. Patients who developed acute dysphagia that required 
reoperation had a significantly longer median hospital stay 
(12 versus 3-5 days; P < 0-001). At 12-month review no 
patient had swallowing difficulty after reoperation. 


Discussion 


Few studies have addressed early complications after 
laparoscopic fundoplication. Early postoperative morbidity 
may have a specific cause such as acute paraoesophageal 
herniation, an overly snug hiatal repair or an unduly tight 
wrap, or represent general complications such as post- 
operative haemorrhage'’. Many surgeons now recognize 
the important technical elements of fundoplication’*, and 
have eliminated manoeuvres known to contribute to failure 
of the procedure; yet there remains a small risk of severe 
dysphagia that requires reintervention in the early post- 
operative period. The incidence of this ranges from 1 to 6 
per cent’ ™!® 0, and was 1-9 per cent in the present series. 
Although some authors recommend routine early con- 
trast radiology to facilitate identification of patients with 
total dysphagia'’, in this series the diagnosis was made 
clinically. Typically, patients are recognized on the first or 
second postoperative morning holding a dish containing 
expectorated saliva, and misleadingly may complain of 
postoperative retching or vomiting. The true diagnosis of 
complete dysphagia becomes apparent if the patient is 
challenged with a small glass of water that they are unable to 
drink. It is important to identify this complication early, 
ideally within 10 days. Laparoscopic conversion to a lesser 
fundoplication is a straightforward and uniformly success- 
ful exercise at this stage and open surgery is unneces- 
sary t”, Once this early window of opportunity for 
reoperation is lost, the difficulty and potential complica- 
tions of laparoscopic reoperative surgery are increased. 
Lesser degrees of dysphagia, in which patients can tolerate 
fluids, are common after laparoscopic fundoplication and 


Table 3 Operative data in 617 patients who had laparoscopic 
fundoplication 





*Values in parentheses are percentages; tvalues are median (range). 


There were no significant differences between groups 
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can confidently be predicted to improve with time. 
Reassurance is usually the only therapy needed. 

This analysis was conducted to identify predictive factors 
that could be used prospectively to tailor the operative 
procedure and management to avoid acute severe dyspha- 
gia. Statistically, women and the elderly were more likely to 
develop this complication. It is difficult to express a 
clinically significant recommendation from these data that 
could be applied before operation. It was not possible to 
identify any other clinically useful preoperative variables or 
intraoperative technical elements that could screen out 
patients at high risk of early postoperative dysphagia. The 


data indicate that the complication occurs irrespective of 


the type of fundoplication performed; even patients under- 
going Toupet or anterior partial fundoplication were not 
exempt from acute dysphagia that required reopera- 
tion'’*!. It is unlikely that an unrecognized technical flaw 
during the performance of Nissen fundoplication accounts 
for the problem, unless the fault is common to all three 
fundoplications. No technical flaws or failures were 
identified with the original procedure at reoperation in 
any of the patients in this study. A loose wrap and free fundal 
mobility was ensured by complete division of the short 
gastric vessels, although this manoeuvre alone was not 
observed significantly to affect the rate of acute dysphagia. A 
large-bore bougie provided assistance in judging the 
posterior crural closure. 

Any concerns about the technical demands of reoperative 
fundoplication within 10 days were quickly absolved by the 
observation that minimal adhesions were present, and ports 
and retraction could be replaced quickly in their former 
positions. Once the sutures that approximated the initial 
fundoplication were divided with scissors, the wrap 
conveniently stayed in position. Blunt dissection was 
bloodless and allowed the wrap to sit in its new position 
without the use of graspers, ready for resuturing. The 
second procedure was completed more quickly than the first 
fundoplication; thereafter the time course for recovery to 
hospital discharge was identical to the standard clinical 
pathway for laparoscopic fundoplication. 
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Introduction 

Large fibroadenomas seldom regress and many continue to 
grow. Surgical removal by enucleation is still the standard 
treatment. 

Several cosmetic procedures have been designed to 
camouflage the scar by placing the incision in a circum- 
areolar or submammary crease. However, the bigger the 
tumour, the larger the incision. Removal of the tumour in 
pieces with a small incision is not acceptable because of the 
possibility of tumour contamination and recurrence. 

Since October 1997, a plastic bag has been used to collect 
a large fibroadenoma that has been completely enucleated 
and removed through a small incision. This technique is 
simple and creates only a small scar on the breast, so 
improving the cosmetic result. 


Patients and methods 

Consecutive patients with a clinical diagnosis of large 
fibroadenoma greater than 4 cm in diameter had surgery 
with the new technique. Preoperative ultrasonography 
and/or core biopsy was done to rule out cystic disease or 
phyllodes tumour in selected patients. Most had surgery 
under local anaesthesia; general anaesthesia was used only 
when patients requested and for very large tumours. 
Tumour size and weight, length of incision and operating 
time were recorded. After operation, patients visited the 
follow-up clinic at 1 week, 1 month and 3-6 months for 
observation of complications, cosmetic result and any 
tumour recurrence. 


Operative procedure (Fig. la-c) 

A 2-cm circumareolar incision was made for a central lesion, 
or a 2-cm curved incision parallel to the areola over the 
centre of a peripheral tumour. An inframammary incision 
was used for tumours close to the inframammary crease. 
After the skin incision, the tumour was enucleated from the 
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breast tissue using a conventional technique. The mass was 
shelled out completely within the breast. A 10 X 15-cm 
sterile, transparent plastic bag with three sutures of 2/0 silk 
tied over the open end in triangular fashion was then 
inserted through the incision into the cavity. The two 





a Incision line 





D insertion of bag 





C Tumour removal 


Fig. 1 a A 2-cm circumareolar incision was made to remove a 
7.5 X 9.5-cm fibroadenoma in the right breast of a 19-year-old 
woman. b A 10 X 15-cm plastic bag was inserted through the 
incision after enucleation was complete. c Fragmentation of the 
tumour was performed within the plastic bag and the tumour 


was removed through the small incision 
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corners of the open end of the bag were placed beneath the 
tumour on each side while the other corner was still on 
the skin surface. By grasping it with an Allis forceps, the 
tumour was manipulated and put into the plastic bag. Then 
all the silk sutures at the open end of the bag were raised up 
over the skin incision. Within the plastic bag, the tumour 

was divided into fragments with Mayo scissors. The bag 
was then removed through the incision and the cavity 
checked for bleeding. No attempt was made to close the 
space by suturing the breast parenchyma; the skin was 
closed with subcuticular sutures without drainage. Video- 
assisted enucleation was helpful for a giant fibroadenoma to 
avoid over-retraction and pressure necrosis of the wound 
edge. 


Results 

Twenty patients with a large fibroadenoma had surgery 
using this technique. Patient age ranged from 13 to 47 
(mean 23) years; 16 patients were less than 25 years of age. 
Two patients had preoperative pata a aad and core 
biopsy for masses of 12 and 5.5 cm in diameter. Mean 
tumour diameter was 6-3 (range 4i 2) cm. Tumour weight 
varied between 12 and 280 (mean 47) g. 

Seventeen patients had operation under local anaesthesia. 
The other three had general anaesthesia for tumours with a 
diameter of 6, 6-5 and 12 cm. Two stayed in hospital 
overnight. 

The length of incision was 1-5 cm in two patients, 2 emin 
17, and 3 cm in one patient who had a 12-cm tumour. 
Operating time (skin to skin) ranged from 25 to 180 (mean 
69) min. Video-assisted excision was performed in the 
patient who had a 12-cm tumour (operating time 180 min). 

The operation was accomplished in all 20 patients 
without complication. Histopathological results indicated 
the tumour was a fibroadenoma in 17 patients, fibrocystic 
disease with fibroadenomatous hyperplasia in two and a 
tubular adenoma in one. 

Three patients were lost to follow-up. There were no 
local recurrences and incisional scars were acceptable after a 
mean follow-up of 21 (range 6-36) months. 


Discussion 

Large fibroadenoma and hypertrophic scar are more 
common in Negro and Oriental races, especially in young 
adults”. For cosmetic purposes, a technique with a small 
incision should be ideal provided it is simple, safe and has a 
low tumour recurrence rate. 
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Sacking the tumour into a plastic bag could succeed only 
after complete enucleation, which was confirmed by 
observing the tumour being freely moved within the breast 
cavity. The transparent plastic bags of 10 x 15 cm used in 
this procedure are available in most supermarkets and easily 
sterilized using ethylene oxide. 

After removal of the tumour, no attempt was made to 
obliterate the cavity by sutures and no drainage was used. 
This was standard practice after a previous prospective 
randomized trial showed no significant benefit of suture and 
drainage’. 

Endoscopic breast excision has been reported by 
some institutions; however, it is difficult and time 
consuming, and associated with a long learning curve. It 
also requires general anaesthesia. Video-assisted enuclea- 
tion may be appropriate with conventional technique and 
instruments. 

A moderately sized phyllodes tumour may be indis- 
tinguishable from a large fibroadenoma. Ultrasonography 
with or without core biopsy should be performed before 
operation where there is any doubt. However, a preopera- 
tive core biopsy for phyllodes tumour may be mistaken as a 
fibroadenoma. Even if enucleation is performed, expectant 
follow-up can be continued if phyllodes tumour is benign 
on histopathological examination*’. A borderline or 
malignant phyllodes tione will require further wide 
local excision or mastectomy’. 
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Backgrounds The 1998 St Gallen classification was devised to guide clinicians in the use of adjuvant 
systemic therapy for women with early breast cancer. In this study, the clessification was applied to a 
historical group of patients with node-negative breast cancer who were treated without adjuvant 
therapy. 

Methods: The St Gallen classification was applied to 421 women with breast cancer treated with 
conservative surgery and radiotherapy alone between 1979 and 1994. Primary tumour characteristics 
were reviewed centrally. 

Results: When the most stringent version of the St Gallen classification was applied (grade 2 or 3 
tumours classified as ‘high risk’), only 10 per cent of patients were ‘low risk’, with a 10-year distant 
relapse-free survival (DRFS) rate of 100 per cent, and 15 per cent were at ‘intermediate risk’ (10-year 
DRES rate of 94 per cent). The high-risk group (75 per cent of women) had a 10-year DRFS rate of 77 
per cent (P < 0-01). If the St Gallen classification had been applied to all patients in this series who were 
aged less than 70 years, up to 91 per cent would have been recommended to have chemotherapy. 
Conolusion: The St Gallen classification is an inaccurate measure of prognosis for patients with 
node-negative breast cancer and should be used with caution. 
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introduction 


The Lencet overview of the benefits of adjuvant systemic 
therapy reported that cytotoxic chemotherapy and/or 
hormonal therapy increased disease-free and overall survi- 
val for patients with stage I or II breast cancer. Although the 
proportional reduction in the odds of recurrence or death 
from adjuvant systemic therapy was similar for patients with 
node-posittve or node-negative disease, the absolute 
improvement in disease-free and overall survival varied 
between patient subgroups and with the type of chemo- 
therapy’. 

The use of chemotherapy is now justified for selected 
patients with axillary node-negative breast cancer because 
of the high nsk of development of metastatic disease and the 
absolute survival benefit of up to 10 per cent”. However, 
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between 70 and 95 per cent of patients with node-negative 
breast cancer remain disease-free after local therapy alone at 
10 years**. Therefore, an important objective in the 
management of node-negative patients is to avoid the 
morbidity and cost of chemotherapy for patients at low risk 
of recurrence and to identify high-risk patients who may 
benefit. This is particularly important for patients with 
screen-detected breast cancer, many of whom have a good 
prognosis and in whom the natural history of the disease 
may differ from that in patients enrolled in the trials 
included in the Lencet overview. 

The St Gallen classification and recommendations were 
developed by a consensus panel of international opinion 
leaders at the Sixth International Conference on Adjuvant 
Therapy for Primary Breast Cancer held in St Gallen, 
Switzerland, in February 1998. Patients were classified into 
‘low’, ‘intermediate’ and ‘high’ risk groups based on a 
combination of axillary lymph node status, tumour size, 
tumour grade, hormone receptor status and age (Table 1)". 
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Table 1 St Gallen classification of patients with primary breast cancer into risk groups 





“Al factors must be present; tonly one factor required. ER, oestrogen receptor; PR, progesterone receptor 


Table 2 Recommendations for adjuvant systemic therapy for node-negative patients aged 70 years or less, outside clinical trials 





P ” + 3 7? 4 - R ay 7 T ~ Cle . g . "IN 4 RA > : f ; : . i . f ; 
“Adapted from Zujewski and Liu". ER, oestrogen receptor, PR, progesterone receptor; TAM, tamoxifen; chemo, chemotherapy; n.a., not applicable. 


*Ovarian ablation and luteinizing hormone releasing hormone analogues were regarded by the St Gallen panel as still being tested in clinical trials. 


br d 
f 
3 


Defined as greater than 70 years of age or as age 65 years or more 
fan P 2 D . 


However, the basis for this classification was not detailed. 
Recommendations for adjuvant chemotherapy were based 
on the three categories of risk, menopausal status and 
steroid hormone receptor status (Table 2). 

In this study, the St Gallen classification was applied to a 
group of patients with node-negative breast cancer treated 
without chemotherapy to assess the proportion of patients 
in each risk category, to calculate the 10-year distant 
relapse-free survival (DRES) rate and tọ identify the 
proportion of patients who would have been recommended 
adjuvant chemotherapy. All patients in this cohort were 
treated with conservative surgery and radiation therapy, 
without chemotherapy or tamoxifen. 


Patients and methods 


Between November 1979 and December 1994, 1157 
patients with Union Internacional Contra la Cancrum 
(UICC) clinical stage I or I invasive breast cancer were 
treated at Westmead Hospital. A stage I tumour was 2 cm 
or less in diameter with no clinical evidence of axillary 
lymph node involvement (T1 NO). A stage H tumour was 
2 cm or less in size with clinically involved axillary lymph 


nodes, larger than 2-5 em with, or without, clinically 


involved axillary nodes (T2 NO, T1-2 N1), or more than 
5em without clinically involved nodes. Patients who 


presented with simultaneous bilateral tumours were 
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excluded from the study. Of the 917 patients who under- 
went an axillary dissection, 611 patients (67 per cent) had no 
involved nodes on pathological examination. No systemic 
therapy was given to 545 (89 per cent) of these patients. The 
characteristics of the primary tumours of 448 node-negative 
patients who did not receive systemic therapy (82 per cent) 
were reviewed centrally by two senior breast pathologists. 
The slides and/or tumour blocks of the remaining 97 
patients (18 per cent), who mostly were operated on in other 
parts of the country or overseas during the early years of the 
study, could not be retrieved. Patients were excluded when 
fewer than five (18 patients) or an unknown number (nine) 
of axillary lymph nodes were examined’. Hence, 421 
patients were included in this series. 

The median age of patients at diagnosis was 48 (range 22- 
89) years. Median follow-up for surviving patients was 85 
(53-208) months. Fourteen patients (3 per cent) who were 
lost to follow-up without evidence of disease were censored 
at intervals of between | and 178 (median 46) months. 

All patients underwent conservative surgery and adjuvant 
breast radiation therapy. Details of treatment have been 
described elsewhere’®. The extent of axillary dissection 
varied among the surgeons; the median number of axillary 
lymph nodes removed was 16 (range 5-49) in patients with 
five or more nodes included. The median number of slides 
reviewed per case was 14 (range 1-7 1). Pathological features 
examined included histological type (based on the World 
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Health Organization classification); histological grade of 
differentiation (based on a modified Scartf-Bloom- 
Richardson classification)''; nuclear grade (I, well differ- 
entiated; H, moderately differentiated; III, poorly differ- 
entiated); lymphovascular invasion (present, absent or 
indeterminate); necrosis (absent, minimal, moderate or 
marked); and margins of excision. Pathological tumour size 
was defined as the diameter of the invasive component and 
this was obtained retrospectively from the pathology report 
or received slides. Patient and tumour characteristics for the 
study group are shown in Table 3. 

Oestrogen receptor (ER) status was not determined 
routinely, particularly in the early years of the study; it was 
known in only 261 patients (62 per cent). The 10-year 
actuarial DRFS rate was 77 per cent for patients with ER- 
negative tumours, 85 per cent for those with ER-positive 
tumours and 81 per cent for those with unknown ER status. 
The exclusion of 40 per cent of the women in the study 
because of unknown ER status would introduce selection 
bias. In view of the similarity in actuarial DRFS between the 
ER-positive and ER-unknown women, these two categories 
were combined, producing an actuarial 10-year DRFS rate 
of 83 per cent. The potential consequence of this 
combination might be to reduce survival in the low-risk 
group and to inflate survival in the high-risk group. 
Misclassification bias from this combination could only 
underestimate the findings. In the analysis, patients whose 
tumours had different ER and progesterone receptor (PR) 
status were not treated separately’. 

The endpoint used in this study was DRFS rate. An event 
was scored for any relapse outside the treated breast, 
including isolated axillary recurrences (# = 3). All distant 
relapses were analysed as failures, irrespective of the status 
of the treated breast. Patients were censored from the 
calculation of distant failure, at the time of last follow-up, 
scoring failure at the time of first discovery of metastatic 
disease. The development of an isolated contralateral breast 
cancer without evidence of distant relapse concurrently, at 
last follow-up or death not related to breast cancer, was not 
classified as an event (7 = 8). 

The 10-year DRFS rate for each of the three St Gallen 
risk categories was calculated. In the St Gallen classifica- 
tion, axillary node-negative patients aged 35 years or more 
with a 1-2-em tumour, grade 1-2, and ER and/or PR 
positive, are classified as at intermediate risk. However, a 
grade of 2~3 alone would also classify the patient as high risk 
(Table 1). Therefore, analysis was performed with patients 
in the high-risk category who had a grade 2 or 3 tumour, and 
the analysis was repeated with patients in the intermediate- 
risk category who had a grade 2 tumour, if all the other 
criteria for inclusion were satisfied. The potential distribu- 
tion of patients based on the St Gallen classification, and the 
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Table 3 Patient characteristics and 10-year distant relapse-tree 
survival of patients with node-negative T 1-2 breast cancer, by 
risk indicators 





Values in parentheses are percentages. DRFS, distant relapse-free 


survival; ER, oestrogen receptor. *P «< 0-05, +P < 0-01, £P < 0-001 versus 
referent (Wilcoxon test) 


consequent recommendations where the risk categories 
were subclassified by menopausal and steroid hormone 
receptor status, were analysed. To evaluate the potential 
proportion of patients in this study who would have received 
chemotherapy based on the St Gallen recommendation, this 
analysis excluded patients over 70 years of age, which was 
the higher of the two definitions of ‘elderly’ in the St Gallen 
classification (age greater than 70 years, or more than 
65 years)”. 

DRES analysis was conducted using the actuarial and 
Kaplan-Meier methods, with Wilcoxon and log rank tests, 
respectively, for statistical significance. All intervals were 
calculated from the date of operation. Trend in odds ratios 
for mortality between the risk categories was determined by 
means of Cox proportional hazard regression because the 
data could not be modelled as three categories’*’!*. The 
Wald test was used for statistical significance (P < 0-05). All 
statistical analyses were performed using SPSS statistical 
software (version 9.0; SPSS, Chicago, Hlinois, USA). 


Results 


After a median follow-up of 85 months, 66 (16 per cent) of 
the 421 patients developed a distant relapse; 53 (80 per cent) 
occurred within the first 5 years. The 5- and 10-year DRFS 
rates were 87 and 81 per cent respectively. 
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Table 4 Ten-year distant relapse-tree survival of patients with node-negative T 1-2 breast cancer classified according to St Gallen 
(1998) risk groups with grade 2 and 3, or only grade 3, tumours in the high-risk group 


patients 













| ‘rend in odds ratios 
or distant relapse 





Values in parentheses are percentages. Low risk: tumour 1 cm or less, oestrogen receptor (ER) positive, grade 1, age 35 years or more. Intermediate 


risk: classified as neither low nor high risk. High risk: tumour greater than 2 cm, ER negative, grade 2 or 3, or grade 3 only (as indicated), age less 


than 35 years. DRFS, distant relapse-free survival. [Average odds ratio per category (Cox proportional hazard regression). P < 0-01, +P < 0-001 


verus low risk 


Ifthe most stringent version of the St Gallen classification 
was applied, only 41 (10 per cent) of the patients would have 
been considered to be at low risk, witha 10-year DRFS rate 
of 100 per cent (Table 4). The intermediate-risk category 
comprised 63 patients (15 per cent) with a 10-year DRFS 
rate of 94 per cent, not significantly different from that in 
the low-risk group. The high-risk group accounted for 75 
per cent of the women and had a 77 per cent 10-year DRFS 
rate, significantly lower than that in the low-risk group 
(P < 0.01). 

When a less stringent version of the St Gallen classifica- 
tion was used such that patients aged 35 years or more with 
a grade 2 tumour, who also had the other characteristics of 
the intermediate-risk group, were classified as at inter- 
mediate risk rather than high risk, the intermediate-risk 
group now included 38 per cent of the patients, with a 95 per 
cent 10-year actuarial DRFS rate and no change in the mean 
DRFS of 116 months (Table 4). The high-risk group 
comprised 52 per cent of the cases, with a decrease in the 
10-year actuarial DRFS rate from 77 to 71 per cent, and in 
the mean DRFS from 103 to 98 months (P < 0-001 versus 
low-risk group). 

Based on the St Gallen recommendations for chemother- 
apy in women with node-negative breast cancer, when 
patients with grade 2 tumours are included in the high-risk 
category chemotherapy would be administered in either 53 
per cent (if all patients who were recommended tamoxifen 
with or without chemotherapy did not receive chemother- 
apy) or 91 per cent (if all patient groups that were 
recommended tamoxifen with or without chemotherapy 
received chemotherapy). When patients with grade 2 
tumours were included in the intermediate-risk category, 
the corresponding proportions of patients to whom 
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chemotherapy would be given were 42 to 91 per cent 
respectively (Table 5). 

Based on the St Gallen classification of treatment 
recommendations, combining patients in both the low- 
and intermediate-risk groups, the 10-year actuarial DRFS 
rate was at least 94 per cent without the use of adjuvant 
chemotherapy or tamoxifen. The inclusion of patients with 
a grade 2 tumour in the intermediate-risk group reduced the 
proportion of women in the high-risk group from 75 to 52 
per cent, with a small increase in the 10-year actuarial DRFS 
rate from 94 to 95 per cent for the intermediate-risk group, 
and a decline in the DRFS rate from 76 to 71 per cent in the 
high-risk group. 


Discussion 


Despite the development of indices that integrate conven- 
tional prognostic information!’, the ideal factor or combi- 
nation of factors that would identify high- or low-risk 
axillary node-negative patients with breast cancer has not 
yet been defined'°~!. This study assessed the value of the St 
Gallen classification as 2 means of identifying high-risk 
patients who may benefit from chemotherapy. The results 
suggest that the St Gallen classification is an inaccurate 
measure of prognosis for patients with node-negative breast 
cancer and, hence, should be used with caution in 
recommending chemotherapy. 

The panel at the 1998 St Gallen consensus conference 
redefined the threshold for recommending chemotherapy: 
women with a less than 10 per cent risk of relapse at 10 years 
were considered to be at low risk and therefore were not 
considered routinely for chemotherapy. This represented a 
change from the recommendation of the 1995 consensus 


@ 2002 Blackwell Science Ltd 


J. Boyages, B. Chua, R. Taylor ef al. « St Gallen classification and breast cancer 793 


Table § Distribution of 409 node-negative patients based on the St Gallen classification and associated recommendations for patients 


aged 70 years or less, outside clinical trials 





*If patients with grade 2 rumours were included only in the high-risk group, a maximum of 91 per cent and a minimum of $3 per cent would receive 


chemotherapy. +H patients with grade 2 tumours were included only in the intermediate-risk group, a maximum of 91 per cent and a minimum of 42 
per cent would receive chemotherapy. Total differs from summed column total due to rounding. ER, oestrogen receptor; TAM, tamoxifen; chemo, 


chemotherapy; n.a., not applicable 


conference where patients with a greater than 10 per cent 
chance of death (rather than relapse) were considered 
candidates for adjuvant chemotherapy. The consequence of 
this change was a lowering of the threshold for recommend- 
ing chemotherapy. 

One of the strengths of this study was that the primary 
tumour characteristics of all patients were reviewed 
centrally by two senior pathologists. In addition, the series 
consisted of women with both screen- and non-screen- 
detected tumours, as is the case in clinical practice outside 
clinical trials. 

Tumour size, which is one of the most important 
conventional predictors of distant relapse, is a risk factor 
in the St Gallen classification’? ® 9. The present data 
suggest that tumour size is a reasonable criterion for 
identifying low-, intermediate- and high-risk patients, but 
there remains the potential confounding effect of a higher 
proportion of grade 3 tumours as tumour size increases™”. 
The survival rates of patients in the present series contrast 
with the data quoted in the St Gallen conference as evidence 
that patients with small axillary node-negative tumours have 
a high incidence of relapse. In the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) B13 trial, 
patients with ER-positive tumours measuring up to 1 cm 
had a 5-year disease-free survival rate of only 77 per cent; the 
corresponding rate in the NSABP-B14 trial was 82 per 
cent® °!7*. It must be questioned whether the patients in 
these trials were truly representative of women with breast 
cancer seen in a population setting. The basis of the St 
Gallen recommendation, where a tumour size threshold of 
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| cm is used to categorize patients, needs further validation. 
A particular weakness of the classification is that rarer 
tumour types associated with a better prognosis are not 
included. In particular, Rosen er a/.** have argued that, 
although patients with a pathological tumour size of up to 
1-0 cm had a 91 per cent 10-year relapse-free survival rate, 
patients with special tumour types with a diameter of up to 
3.0 em (medullary, mucinous, papillary, tubular or adeno- 
cystic carcinoma) had an 89 per cent 10-year relapse-free 
survival rate. 

Histological grade, an important prognostic factor, 1s 
based on pathological assessment of tumour features 
including degree of tubule formation, number of mitotic 
figures, and nuclear size and shape. It is also included as a 
risk factor in the St Gallen classification. However, the 
subjective nature of the assessment lends itself to inter- 
observer variability. It may be reliable as a prognostic 
indicator only if performed by an experienced pathologist. 
In the present study, central pathology review was 
conducted by two experienced pathologists and, it could 
be argued, may not reflect routine clinical practice. 
Allocation of patients with a grade 2 tumour to the 
intermediate-risk group could reduce the proportion of 
patients recommended for chemotherapy with no signifi- 
cant change in the survival of patients in the intermediate- 
risk category (95 per cent). This is also supported by data 
from other large series”. 

A controversial aspect of the St Gallen classification is the 
allocation of women aged under 35 years to the high-risk 
category. Women diagnosed with breast cancer in their 
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thirties seem to have a poorer prognosis*®. Young women 
with breast cancer are more likely to have affected axillary 
lymph nodes, and to have tumours that are large, high grade 
and hormone receptor negative. The poor outcome of 
young women with breast cancer could be attributed to 
these confounding factors, although many studies have 
retained a negative effect even after adjustment’ "s. A 
recent study trom the Danish Breast Cancer Cooperative 
Group involving more than 10 000 patients with breast 
cancer found that women younger than 35 years at 
diagnosis had the worst prognosis of all age groups. The 
age effect was not significant among women who received 
adjuvant cytotoxic treatment, but was highly significant 
among low-risk women who received no adjuvant treat- 
ment. It was concluded that all young women with breast 
cancer should be regarded as high risk and offered adjuvant 
chemotherapy” . 

The role of steroid hormone receptor status as a 
prognostic indicator for patients with node-negative breast 
cancer is difficult to establish because of conflicting data?” 
$, Fisher etal.’ suggested that ER status had less impact on 
predicting outcome than tumour grade. Others showed that 
in the first 3—5 years after primary therapy, the prognosis of 
patients with receptor-positive tumours was better than that 
of patients with receptor-negative tumours. However, this 
changed after 5 years so that, eventually, patients with 
receptor-negative tumours fared better”. Hence, at pre- 
sent, the receptor status is used predominantly to help 
identify node-negative patients likely to benefit from 
adjuvant hormonal therapy. 

The evidence shows that some of the risk factors used in 
the St Gallen classification and recommendations are 
reasonable predictors of prognosis. However, if the 
current St Gallen classification and recommendations 
had been used in the present study cohort, many patients 
with a DRFS rate of over 90 per cent, in particular those 
in the intermediate-risk group, would have received 
chemotherapy. 
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Background: The role of routine frozen section (FS) in the surgical management of thyroid nodules 
remains uncertain. This study reviewed the role of FS in the presence of an adequate fine-needle 
aspiration biopsy (FNAB). 

Methode: FNAB and FS were evaluated in 206 patients who had surgery for a thyroid nodule. 
Cytological specimens were classified as benign, malignant or suspicious. The FS diagnoses were 
benign, malignant or deferred. 

Reeults: A cytological diagnosis was obtained in 93 nodules; the remaining 113 were classified as 
suspicious, of which 21 were malignant on definitive examination. The overall accuracy of FNAB was 53 
per cent. FS evaluation identified 165 lesions as benign; the diagnosis was deferred until definitive 
histological evaluation in only eight. The overall accuracy, therefore, was 96 per cent. Routine use of FS 
was cost-effective; lowering the number of reoperations led to an estimated saving of about 40 per cent. 
Conctusiomm These data suggest that FS remains an important tool in the surgical management of 


thyroid nodules and can reduce the number of patients requiring reoperation. 


Paper accepted 8 January 2002 


Introductlon 


Nodular thyroid disease is a common clinical problem, with 
a prevalence in the general population ranging from 4 to 7 
per cent. However, only 5 per cent of thyroid nodules are 
malignant’. Diagnostic procedures to evaluate thyroid 
nodules include radionuclide scanning and ultrasonogra- 
phy, but fine-needle aspiration biopsy (FNAB) is the most 
effective test ın selecting the patients who require ; 
Routine use of FNAB has decreased the number of patients 
treated surgically for benign thyroid nodules’. 

A consensus to a specific surgical approach for suspicious 
thyroid nodules has not yet been reached. In some centres 
ipsilateral lobectomy is initially performed in patients witha 
suspect follicular lesion on FNAB; the lesion is then 
evaluated by paraffin sections, followed by a second 
operation for completion thyroidectomy if needed. In the 
authors’ unit, the surgical approach involves ipsilateral 
lobectomy with routine intraoperative frozen section (FS), 
in order to plan the extent of thyroid resection. 

Because of the diagnostic accuracy of FNAB, some 
authors suggest that intraoperative FS can be avoided, to 
reduce the duration and cost of operation*”®. Others 
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suggest that thyroid surgery can be planned by evaluating 
known prognostic factors and intraoperative findings’*"’. 

The purpose of this study was to review the role of FS in 
the surgical management of thyroid nodules, in the presence 
of an adequate FNAB. 


Patients and methods 


Patients and cytological specimens 

Some 206 consecutive patients (173 women and 33 men) 
who underwent thyroid surgery at the ear, nose and throat 
unit of San Luigi Hospital, Orbassano, Turin, between 
January 1995 and December 2000 were evaluated retro- 
spectively. Their ages ranged between 14 and 89 (mean(s.d.) 
49(14); median 49) years. All had one or more palpable 
thyroid nodules with a diameter greater than 1 cm. Some 
108 patients (52 per cent) presented clinically with a 
multinodular goitre (MNG), while 98 (48 per cent) had a 
solitary palpable thyroid nodule. Initial evaluation included 
a complete history, physical examination, measurement of 
serum-free thyroid hormones and thyrotropin, and neck 
ultrasonography. All patients included in the study were 
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euthyroid; patients with impaired thyroid function 
were excluded, even those with suppressed levels of 
thyroid-stimulating hormone only, to exclude autonomous 
nodules. Thyroid scintiscan and autoantibody measure- 
ments were performed ina few patients only, when clinically 
advisable. 

The indications for operation included a cytological 
diagnosis of malignancy (14 patients; 7 per cent) or of 
suspected malignancy (113 cases; 55 percent). In 79 patients 
(38 per cent) with benign FNAB diagnosis, surgery was 
performed for progressive growth, compressive symptoms 
or at the patient’s request. 

FNAB and intraoperative FS examination were per- 
formed in all patients. The pathologist who reported the FS 
was blinded to the results of the paraffin sections; the 
diagnosis of the reported FS was never revised during the 
retrospective analysis. The cytological specimens from 
FNAB were classified as: (1) benign, including colloid or 
hyperplastic nodules, benign cysts and thyroiditis; (2) 
malignant; or (3) suspicious, including follicular and 
Hiirthle cell lesions. 


Frozen-section examination 


The FS evaluation was made by the same pathologist. 
Initially, the specimen was assessed macroscopically 
(including touch preparation cytology) to select the most 
significant nodules, to identify widely invasive tumours and 
to plan the dissection of the surgical sample. The next stage 
was a histological analysis of between four and ten serial 
sections. The mean(s.d.) number of sections required to 
obtain a diagnosis of carcinoma was 6-9(2-1) (median 7). In 
all cases, ten sections were analysed before concluding that a 
patient had benign disease. The time required for a careful 
intraoperative analysis of ten sections was 20-30 min. 
Histological criteria of malignancy in follicular and 
Hiirthle cell carcinomas were full-thickness capsular 


Table 1 Histological diagnosis in 206 thyroid nodules 





Values in parentheses are percentages 
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invasion, invasion of vessels located within or immediately 
outside the capsule, or both. Cytological features were 
considered in cases of papillary carcinoma’? 

The results of FS were classified as (1) benign, (2) 
malignant or (3) deferred (inconclusive results). 


Statistical evaluation 


The accuracy of FNAB and FS was assessed using definitive 
histological sections as a reference. Sensitivity, specificity, 
accuracy, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated both for FNAB and 
FS. Statistical evaluation was performed by means of the y? 
test. 


Results 


The histological diagnosis was benign in 166 (81 per cent) of 
lesions and malignant in 40 (19 per cent) (Table 1). Papillary 
carcinoma was the most common malignancy. 


Fine-needle aspiration biopsy 


A definitive cytological diagnosis (74 benign, 14 malignant) 
was obtained in 93 patients (45 per cent). The remaining 
113 samples (55 per cent) were suspicious of malignancy. 
Following histological assessment, 21 (19 per cent) of these 
were confirmed as malignant lesions (13 follicular and eight 
Hiirthle cell carcinomas). Of the 79 samples initially 
thought benign, 74 (94 per cent) were confirmed as benign 
on final pathological examination. The remaining five false- 
negative lesions (6 per cent) were defined histologically as 
follicular variants of papillary carcinoma. All 14 patients 
with a malignant FNAB were confirmed to have a papillary 
carcinoma (Table 2). For statistical evaluation of FNAB, the 
classification of suspicicus was included in the malignant 
group, because of the effect on the surgical decision; 
therefore, the number of false-positive results was high (92). 
The sensitivity of FNAB was 88 per cent and specificity 45 
per cent with an overall accuracy of 53 per cent, PPV 28 per 
cent and NPV 94 per cent. 





Frozen-section examination 


Frozen-section evaluation suggested that 165 lesions were 
benign; this was confirmed histologically in 161 (98 per 
cent), while four (2 per cent) were subsequently recognized 
as Htirthle cell carcinomas and the patients underwent a 
second operation. In eight patients (4 per cent) the 
intraoperative diagnosis was deferred to definitive evalua- 
tion. In four these proved to be benign lesions (follicular 
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Table 2 Comparison of histological results in 206 thyroid 
nodules with preoperative cytology and intraoperative frozen 
section 





FNAB, fine-needle aspiration biopsy 


adenomas) and four were identified as malignant (three 
follicular carcinomas and one Hiirthle cell carcinoma) 
(Table 2). The latter four patients underwent a second 
operation. 

For statistical evaluation of FS, the uncertain samples 
were classified as false negative (four carcinomas) or true 
negative (four adenomas). The sensitivity of FS was 80 per 
cent and the specificity 99 per cent. A single false positive led 
to inappropriate total thyroidectomy (the intraoperative 
diagnosis was follicular carcinoma, but the definitive 
histological diagnosis was Hiirthle cell adenoma). ‘The 
overall accuracy was 96 per cent, PPV 97 per cent and NPV 
95 per cent. 


Frozen section in follicular lesions 


The accuracy of FS examination was evaluated selectively in 
113 patients with a cytological diagnosis of suspected 
malignancy (follicular lesions). In this series, there were six 
false negatives (three follicular and three Hiirthle cell 
carcinomas), including four deferred diagnoses. ‘The 
sensitivity was 71 per cent and the specificity 99 per cent. 
The overall accuracy of FS for follicular lesions was 94 per 
cent, PPV 94 per cent and NPV 94 per cent. 


Frozen section for solitary nodules or multinodular 
goitre 


The results of FS were compared in patients with a clinically 
palpable solitary nodule (98 patients; 48 per cent) and those 
with MNG (108; 52 per cent). There were no significant 
differences in the accuracy of FS (96 versus 95 per cent), 
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sensitivity (81 versus 79 per cent) or specificity (100 versus 99 
per cent). There were four inappropriate operations, 
followed by a second operation in each group. One patient 
with a MNG had an inappropriate total thyroidectomy at 
first operation. 


Cost analysis 


The cost of both surgery and FS was analysed by means of 
regional refunding fees to the hospitals. ‘The unitary cost of 
thyroidectomy and FS was estimated at €2065 and €81 
respectively. 

The value of routine FS was analysed by comparing the 
number of second operations needed (eight) with the 26 
reoperations required if FS was not done. The total cost of 
FS in 206 operations was€16 686. The routine use of FS led 
to eight second operations (four initially thought benign 
and four deferred on the basis of FS), at a total cost of 
€16 520. Surgical decisions based on FNAB only would 
have led to 26 reoperations, at a total cost of €53 690. It was 
estimated that routine use of FS in the present series led toa 
saving of €20 484 (excluding the patient who had an 
unnecessary total thyroidectomy). 


Discussion 


The use of FS is an important adjunct to the operative 
management of many forms of cancer. However, in the era 
of FNAB, the routine use of FS in thyroid surgery may be 
unnecessary. The economic impact of the introduction of 
routine preoperative FNAB in the management of thyroid 
malignancy was illustrated by investigators from the Mayo 
Clinic, who reported that FNAB reduced the number of 
patients requiring surgery from 67 to 43 per cent and 
increased the proportion of surgically proven cancers from 
14 to 29 per cent". In the past decade, several reports have 
debated the routine use of FSI, Some authors 
point out that FNAB is complementary to FS in planning 
the extent of surgery”. Others®’! suggest that FS can be 
restricted to cases with an FNAB diagnosis of ‘follicular 
nodule’ or ‘indeterminate’. 

In general, FNAB is considered to be more sensitive and 
FS more specific for the diagnosis of malignant neoplasm. 
FNAB is used primarily to select patients for surgery, where 
a high sensitivity is desirable. FS is employed to plan the 
extent of surgery, a role requiring a high specificity. In the 
present study, FS had a good sensitivity (80 per cent) and a 
high specificity (99 per cent), in agreement with other 
reports’'!0!® 27! Tn only eight patients (4 per cent) was the 
intraoperative diagnosis postponed pending final histolo- 
gical evaluation. 
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The sensitivity and specificity evaluation of FNAB and 
FS strictly related to the handling of the respective 
diagnoses. Because all patients in this study had been 
selected for surgery, follicular lesions could be false positive 
or true positive. Furthermore, when FS was inconclusive 
and led to a conservative operation, these sa mples could be 
true negatives or false negatives. These data suggest that 
FNAB is good for selecting patients who need surgery, but 
the low specificity and accuracy do not permit adequate 
planning of the extent of surgery. The low specificity of 
FNAB could be explained by the large number of MNGs in 
an area of moderate iodine deficiency; the presence of 
multiple nodules and a higher percentage of follicular 
neoplasms may diminish the accuracy of FNAB. On the 
other hand, FS has a high specificity and led to a reduction in 
the number of late reoperations from 26 (13 per cent) to 
eight (4 per cent). 

Had the surgical decision been based on FNAB only, 26 
of 40 patients with malignancy would have needed a second 
operation. One Hiirthle cell adenoma, diagnosed as a 
follicular carcinoma on FS, was the only false positive. 

The specificity of FS was high (99 per cent) if only the 
follicular lesions found by FNAB were considered; accord- 
ingly, there were few inappropriate operations (seven (6 per 
cent) of 113). Similarly there was no difference in the 
accuracy of FS for patients with either solitary nodules or 
MNG. None of this supports the hypothesis that FS could 
be used selectively in specific subgroups of patients. 

Total or near-total thyroidectomy is the usual surgical 
treatment for a well differentiated thyroid cancer?*”’, 
Routine FS in patients with cancer reduces the discomfort 
and avoids the costs of reoperation. 

In the present series, decreasing the number of reopera- 
tions as a result of routine FS led to an estimated saving of 
about 40 per cent. FS is probably unnecessary when FNAB 
is diagnostic of malignancy. In this study, the estimated cost 
saving of avoiding FS in 14 patients with a cytological 
diagnosis of papillary carcinoma was €1 134. 

In conclusion, FS evaluation remains a useful and cost- 
effective tool, complementary to FNAB. FS can be avoided 
when the FNAB result is consistent with malignancy, but 
could be of value when the FNAB result is reported as 
suspicious, inadequate or even benign. The results of both 
thyroid FNAB and FS are dependent on the pathologist. 
Each institution should evaluate its own ability to use these 
modalities in the preoperative and intraoperative assess- 
ment of thyroid nodules. 
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Background: It has been stated that completion thyroidectomy for thyroid malignancy should be 


performed either within 10 days of the primary operation or after 3 months, to reduce the incidence of 


complications. The aim of this study was to review the impact of timing on the rate of complications 
following completion thyroidectomy. 

Methods: Data were obtained retrospectively from the Endocrine Surgery Thyroid Data Base, to which 
the records of all patients have been entered since 1957. The patients who had the last 100 consecutive 
completion thyroidectomies for thyroid cancer comprised the study group. 

Results: Sixty-three patients had the second operation performed within 10 days or more than 90 days 
after the initial operation (group 1). Thirty-seven patients had reoperation between 10 and 90 days after 
the first procedure (group 2). One patient (2 per cent) in group 1 and one patient (3 per cent) in group 2 
suffered a permanent complication (P not significant). 

Conclusion: There was no definite impact of the timing of surgery on the rate of complications after 


completion thyroidectomy. 
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introduction 


Completion thyroidectomy plays an important role in the 
management of patients with thyroid cancer. Although 
one-stage total thyroidectomy is preferable, the character- 
istics of certain histological types of thyroid carcinoma, 
particularly follicular lesions, render the preoperative and 
intraoperative diagnosis of malignancy a challenge, even to 
experienced pathologists'. This situation often necessitates 
a second operation’, 
Completion thyroidectomy 
complications’, which is reported to be higher than that 
associated with the primary operation”. It is thought that 
the timing of reoperation is contributory, and that 
completion thyroidectomy should be undertaken either 
within 10 days of the initial lobectomy or after 2-3 months, 
to minimize this risk”, According to Davi es”, completion 
thyroidectomy is extremely difficult and hazardous to vital 
structures when attempted after 3-4 weeks, because densely 
adherent strap muscles make dissection of the contralateral 
lobe impossible. To date, however, there are no published 


data to support this argument. There is documented 
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carries an inherent risk of 
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evidence that careful attention to technique decreases 
morbidity"? 

In the ios umit, completion thyroidectomy is 
performed at the earliest available time after the definitive 
diagnosis has been established, with no restriction on 
timing. The aim of this study was to review the impact of the 
timing of completion thyroidectomy on the complication 
rates following operation. 


Patients and methods 


Data were obtained retrospectively from the Endocrine 
Surgery Thyroid Data Base. All information relating to 
operative procedures, pathology and complications has 
been recorded in this database since 1957. The last 
consecutive 100 patients who underwent completion 





thyroidectomy for thyroid cancer comprised the study 
cohort, spanning the interval from February 1988 to 
October 2000. Initial operations included ipsilateral total 
lobectomy, subtotal thyroidectomy and thyroid biopsy. 
Patients with cancer diagnosed at other centres and referred 
to this unit for further management were also included. The 
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time interval between the initial operation and completion 
thyroidectomy formed the basis for comparison of the 
complications after surgery. 

Preoperative vocal cord assessment was done for all 
patients. Serum calcium levels were determined before 
operation, on the evening of the operation, and on the first 
and second postoperative days. Transient hypocalcaemia 
was defined as that which recovered spontaneously within 
6 weeks of operation; temporary recurrent nerve palsy or 
vocal cord dysfunction should have recovered within 
6 months. 


Completion thyroidectomy 


Completion thyroidectomy was performed through the 
previous incision; the scar was excised and platysma flaps 
raised. Dissection was commenced laterally by mobilizing 
the sternomastoid muscles down to the carotid sheath. Care 
was taken as the operation proceeded to identify the thyroid 
lobe or remnant. The strap muscles were then gently eased 
away from the gland and divided transversely. After this, the 
remnant tissue was mobilized using the technique of 
capsular dissection. Ifa previous total ipsilateral lobectomy 
had been performed, only contralateral dissection was done. 
If, however, there was remnant tissue on the ipsilateral side, 
the remaining gland was carefully excised. The respective 
external and recurrent laryngeal nerves, as well as the 
parathyroid glands, were identified and preserved. If there 
was any doubt regarding the viability of the parathyroid 
glands, they were transplanted into the ipsilateral sterno- 
mastoid muscle. Statistical analysis (odds ratio with 95 per 
cent confidence intervals) was performed using the SPSS/ 
PC+ (version 9) software package (SPSS, Chicago, Illinois, 
USA). 


Results 


The 100 patients were classified according to the time 
interval between initial operation and completion thyroid- 
ectomy. Ninety-one patients had a unilateral total 
lobectomy, and nine had various subtotal procedures as 
the primary operation. Sixty-three patients had the second 
operation either within 10 days of the first operation or after 
90 days (group 1). Thirty-seven patients had completion 
thyroidectomy performed between 10 and 90 days of the 
initial operation (group 2). The two groups were matched 
for sex and age (Table 1). 

Group 1 included 63 patients: 53 who had the repeat 
operation performed within 10 (median 5) days of the initial 
operation and ten who had the reoperation more than 
90 days later. Six patients had the reoperation several years 
after the initial operation because of late referral for a 
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Table 1 Age and sex distribution of the 100 patients who had 
completion thyroidectomy 





second opinion after malignancy was diagnosed, recurrence 
after subtotal thyroidectomy, review of the need for further 
surgery, and initial misdiagnosis of a benign adenoma. The 
other four patients in this group had completion thyroid- 
ectomy at intervals of 101, 128, 169 and 183 days. The 37 
patients in group 2 had repeat surgery after a median of 
15 days. 


Complications 


There were three complications in 63 patients from group 
l: two patients had temporary hypocalcaemia and one had 
recurrent nerve paresis (Table 2). Seven of 37 patients in 
group 2 had complications: four had temporary hypo- 
calcaemia, two had temporary vocal cord dysfunction and 
one had recurrent nerve paresis. There was no significant 
difference between the two groups (odds ratio 0-21 (95 per 
cent confidence interval 0-04 to 1-04); P = 0-06). Only two 
complications were permanent: a recurrent laryngeal nerve 
palsy in each group (P not significant). In both these 
procedures the recurrent nerve was sacrificed deliberately to 
achieve tumour clearance. There were no other long-term 
complications, no repeat operations and no perioperative 
deaths. 

As a comparison, 205 total thyroidectomies were 
performed for malignant conditions of the thyroid during 
the study interval (Table 2). Eight of 205 patients who had a 
total thyroidectomy suffered permanent complications, 
compared with two of 100 patients who had a two-stage 
procedure (P not significant). 


Discussion 


Ideally, surgery for thyroid cancer should be performed as a 
single procedure. This is not always feasible as malignancy 
may be confirmed only on examination of paraffin 
histological sections several days after the primary opera- 
tion. 

There is ongoing controversy regarding the optimal 
extent of surgery for thyroid cancer. None the less, total 
thyroidectomy has several benefits’ ’: it facilitates detection 
and ablation of metastatic disease with radioactive iodine, 
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Table 2 Comparison of complication rates after completion thyroidectomy (7 = 100) and total thyroidectomy (7 = 205) performed in 


the same interval 






Values in parentheses are percentages 


allows for monitoring of thyroglobulin levels, eliminates 
the risk of anaplastic transformation and treats residual 
cancer in the contralateral lobe, which has been reported to 
occur in up to 88 per cent of patients’. 

Davies’ has written that completion thyroidectomy 
between 10 and 90 days is ‘extremely difficult and 
hazardous to the surrounding structures’. Restriction of 
the timing of the second operation places significant 
pressures on the patient and on the healthcare team. 
Difficulties with diagnosis and the need for several opinions 
often result in a delay beyond the 10-day deadline. A 
3-month wait could impose undue stress on the patient. 

This study has shown no significant difference in the 
incidence of complications from completion thyroid- 
ectomy, regardless of the time interval after the initial 
operation. Several factors contributed to this result. First, a 
complete ipsilateral lobectomy with isthmusectomy was 
usually performed at the first operation”. If the contra- 
lateral lobe was not mobilized, dissection at completion 
thyroidectomy should be no different from that at first- 
time hemithyroidectomy as there is minimal tissue reac- 
tion. Second, the technique of capsular dissection’? with 
careful identification of the recurrent nerves and parathyr- 
oid glands reduced the risk of complications in secondary 
thyroidectomy. 

The present study has demonstrated that, provided sound 
surgical principles are adhered to, the timing of completion 
thyroidectomy may not have any impact on the incidence of 
permanent complications. 
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Introduction 
Patients with liver cirrhosis and ascites have distension of 
the peritoneum and subsequent herniation of the weakest 
structures in the abdominal wall’. 

The risk of 30-day mortality in cirrhotic patients under- 
going repair of an umbilical or inguinal hernia was 
compared to that of a control group. 


Patients and methods 

This was a follow-up study in Denmark (5.2 million 
inhabitants) of patients treated from 1993 to 1997. The 
study cohort was identified from the Danish National 
Hospital Register, which contains information on all 
hospital admissions since 1977°. Patients were included in 
the study cohort from the date of the first recorded 
International Classification of Diseases version 8 diagnosis 
of alcoholic cirrhosis (571.09), primary biliary cirrhosis 
(571.90), non-specified cirrhosis (571.92), chronic hepatitis 


Table 1 Crude and adjusted odds ratios for 30-day postoperative 
mortality in patients undergoing umbilical hernia repair 





Values in parentheses are 95 per cent confidence intervals 
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(571.93) or ‘other types of cirrhosis, alcoholism not 
indicated’ (57 1.99)’. 

Patients were identified who had a first-time inguinal 
(406.20 and 406.40) or umbilical (405.80 and 406.00) hernia 
repair following the diagnosis of liver cirrhosis. The control 
group consisted of a random sample of Danish patients over 
20 years of age who underwent the same operative 
procedure on the same day as the patient with liver 
cirrhosis. A total of 741 patients had inguinal and 102 had 
umbilical hernia repair. Enrolment was restricted to 
patients who had a single surgical procedure at the index 
admission. 

Statistical analysis was performed by logistic regression 
analysis to examine the association between liver cirrhosis 
and 30-day mortality adjusted for age and type of admission. 


Results 

A total of 22 840 patients were recorded with a diagnosis of 
liver cirrhosis. Some 201 of these underwent an umbilical 
hernia repair and 11 died (5-5 (95 per cent confidence 
interval (c.1.) 2-3 to 8-6) per cent) within 30 days, compared 
with one (1-0 (95 per cent c.i. 0-0 to 2-9) per cent) in the 
control group of 102 patients. The adjusted odds ratio for 
30-day mortality was 3-9 (95 per cent c.i. 0-7 to 31-2) 
(Table 1). 

Among 256 patients with liver cirrhosis who had an 
inguinal repair, seven (2-7 (95 per cent c.i. 0-7 to 4-7) per 
cent) died within 30 days, compared with five (0-7 (95 per 
cent c.i. 0-1 to 1-3) per cent) of 741 in the control group. The 
adjusted odds ratio for 30-day mortality was 4-4 (95 per cent 
c.i. 1-4 to 14-4) (Table 2). 


Discussion 

Patients with liver cirrhosis undergoing hernia repair had an 
approximately fourfold increase in postoperative mortality 
compared with non-cirrhotic patients. 


Table 2 Crude and adjusted odds ratios for 30-day postoperative 
mortality in patients undergoing inguinal hernia repair 





Values in parentheses are 95 per cent confidence intervals 
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The strengths of this study were the large cohort, the 
uniformly organized healthcare system in Denmark allow- 
ing a population-based design with complete follow-up, and 
valid data about death. However, there were no clinical 
details about the indications for operation, anaesthetic 
procedures used, stage of liver cirrhosis, ascites, smoking 
habits, alcohol consumption or cause of death. 

Case series have shown increased postoperative mortality 
in patients with liver cirrhosis undergoing umbilical hernia 
repair, although conclusions vary in studies concerning 
inguinal hernia**. Although results for hernia repair were 
worse in patients with liver cirrhosis, the present data 
should be interpreted with caution. The indications might 
have been different in patients with liver cirrhosis compared 
with controls. 

These results are consistent with previous studies 
indicating an increased postoperative mortality even after 
simple extraperitoneal surgery in patients with liver 
cirrhosis. 
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Prospective analysis of quality of life and survival 
following mesorectal excision for rectal cancer (Br 7 Surg 


2001; 88: 1617-22) 


Ser 
The quality of life methodology in this study is weak and falls 
below accepted standards. This renders the conclusions open 
to criticism. Scientific rigour regarding methodology, results 
and iterpretation is as important in this area as it is in 
laboratory experiments and clinical trials. Guidelines describ- 
ing appropriate standards exist'*. We feel that the above study 
is deficient in a number of areas: 

e The justification for the selection of quality of life 
questionnaires should be given and psychometric properties 
summarized (the QLOQ-CR38 has not been validated in 
English). 

è It 13 necessary to report both where (in hospital or at home) 
and who completes the questionnaire. This may influence 
responses. 

e The accepted time window around each assessment should 
be reported (e.g. 3 months + 2 weeks). 

è Reporting compliance rates, including ‘missing individual 
questions (item non-response) and missing assessments (unit 
non-response), is required. Standard methods for inputting 
missing data exist. 

è Reasons for ineligibility or exclusion from quality of lıfe 
assessments (e.g. death, illiterate) and numbers of quality of 
life assessments at each time point should be reported. 

While the surgical community is largely familiar with the 
influences of inadequate power calculation or retrospective 
data analysis, there are issues that are equally important in 
quality of life studies. Flaws in methodology are not 
tolerated in other areas of surgical research and the same 
standard needs to be applied here. 


1 Staguet M, Berzon R, Osoba D, Machin D. Guidelines for 
reporting results of quality of lrfe assessments in clinical trials. 
Qual Life Res 1996; 5: 496-502. 

2 Fayers P, Machin D. Qushty of Life. Assesment, Analysts and 
Enterpretation. Chichester: John Wiley, 2000. 
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Present and future management of deep venous 
thrombosis (Br 7 Serg 2001; 88: 1427-8) 


Letter 1 


Sir 

We have previously demonstrated the safety of withholding 
anticoagulation in patients suspected of having deep venous 
thrombosis (DVT) who had a single, negative, complete duplex 
scan’. It was disappointing, therefore, to find that Mr 
Braithwaite repeats the recommendation that patients who 
have a negative duplex scan should have that scan repeated after 
7 days. 

The recommendation that repeat scanning is necessary 
comes from literature published prior to the use of duplex 
scanning. The term ‘ultrasound scanning’ can be applied to 
a number of different techniques and means different things 
to different authors. Compression ultrasound uses a B- 
mode image to visualize the vein and determine whether itis 
compressible (normal) or non-compressible (abnormal); 
some studies using this technique applied it at two or three 
levels only in the leg, excluding the calf. The calf veins were 
not visualized in these studies, hence the conclusion that 
rescanning is necessary to ensure that propagation from calf 
vein thrombosis is not missed’ *. Duplex scanning enables 
the calf veins to be imaged even if compression ultrasono- 
graphy is inconclusive, hence removing the need for 
rescanning, provided the calf veins have actually been 
visualized. We concluded that the only indications for a 
further duplex scan were a continued and significant clinical 
suspicion of DVT or an incomplete primary scan, i.e. 
incomplete visualization of the calf veins. 

Mr Braithwaite also suggests that high-risk patients who 
have a normal scan, and low-risk patients who have an 
abnormal scan, should have venography. This assumes that 
venography is the gold standard for the investigation of 
DVT. Venography is invasive, uncomfortable, can cause 
DVT in up to 2 per cent of patients and misses the diagnosis 
in up to 10 percent of patients’. We see no indication for the 
use of venography in the diagnosis of DVT, have demon- 
strated a strategy which avoids this and regard duplex 
scanning as the gold standard against which other tests 
should be measured. 

J. L. Duncan 

D. M. Nichols 
Raigmore Hosprtal 
Old Perth Road 
hroerness IV2 3UF 
UK 
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Letter 2 


Sir 

The notion of complete clearance of the venous system 
tolowing thrombosis is appealing. Some natural history 
studies link early restoration of patency to improved valvular 
function and reduced postphlebitic sequelae. Reported com- 
plication rates for catheter-directed intrathrombus thrombo- 
lysis (CDITT) and surgical thrombectomy are remarkably 
low’. Both forms of intervention are more effective in those 
who have had recent thrombosis and some groups propose a 
week as the cut-off point’. Patients who have significant co- 
morbidity, reduced activity, shortened life expectancy and 
bleeding complications are precluded from intervention. The 
degree of selection can be gauged from a reported series of 225 
patients in which the intervention rate was less than 25 per 
cent’. 

The proponents of aggressive treatment of iliofemoral 
thrombosis agree that CDITT should be attempted first, 
with thrombectomy reserved for those with either contra- 
indications to, or failure of, thrombolysis. Compared to 
anticoagulation alone CDITT results in improved early and 
late vein patency. Surgical thrombectomy achieves even 
better early and comparable late patency results, especially 
when combined with an arteriovenous fistula. Some would 
suggest surgical thrombectomy as the treatment of choice. 

We urge caution in embracing these new forms of 
treatment. Available clinical data supporting aggressive 
treatment are from observational studies undertaken in only 
a few centres with relatively small numbers of carefully 
selected patients and short periods of follow-up. Even these 
studies fail to show any significant improvement in clinical 
outcome. 

A. Mahomed 
K. N. Shenoy 
Lister Hospital 
Coreys Mill Lane 
Stevenage SGI 4AB 
UK 
1 Comerota AJ. Catheter directed thrombolysis for the 
treatment of acute deep vein thrombosis. In: Gloviczki P, Yao 
STJ, eds. Handbook of Venous Disorders. 2nd ed. London: 
Arnold, 2001: 194-201. 
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Conservative management of appendix mass in children 


(Br F Surg 2001; 88: 1539-42) 
Letter | 


Sir 

agree with the authors that appendicectomy in the presence of 
an appendix mass is technically more difficult. However, over 
half the children in this study were diagnosed by examination 
under anaesthesia. In my experience the presence of a mass 
detected in this way is not an accurate method of determining 
the difficulty of subsequent surgery. The results of this paper 
suggest that conservative management has a significant failure 
rate, requiring delayed emergency appendicectomy with an 
associated high complication rate and prolonged hospital stay. 
Children who underwent immediate appendicectomy had a 
shorter length of stay and low complication rate. The authors 
implied this was the consequence of a consultant surgeon 
performing the procedure. If this is the case then in current 
practice, the absence of a consultant surgeon out of hours is no 
longer an acceptable excuse for not operating on these children. 
J. Knight 

Department of Surgery 

The County Hospital 

Union Walk 

Hereford HRI 2ER 

UK 


Letter 2 


Sir 

Of the 346 children whe were treated conservatively, 27 
developed an appendix abscess and were treated with incision, 
drainage and subsequent appendicectomy. The median length 
of stay in this group was 17 (range 10-44) days. Conservative 
management includes evaluation of the mass using ultrasono- 
graphy or computed tomography to distinguish abscess from 
phlegmon and then percutaneous drainage of the abscess!”, 
thus avoiding an operation and shortening the length of stay 
dramatically. Bagi er a/.’ have shown the median hospital stay to 
be 9 3-23) days after radiological drainage. Similarly, 
vanSonnenberg etal.’ have shown an average of 8 days. We 
recommend that this method of conservative management be 
used in selected cases that do not respond to standard 
treatment. 
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N. Kessaris 

L. Coates 

N. H. Boyle 

Department of Surgery 
Kent and Sussex Hosprtal 
Mount Ephram 
Tunbridge Wells TN4 8AT 
UK 
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Hightower DR. CT m the management of the periappendiceal 
abscess. AFR Am F Roentgenol 1986; 146: 1161-4. 

3 Bagi P, Dueholm S, Karstrup S. Percutaneous drainage of 
appendiceal abscess. An alternative to conventional treatment. 
Dis Colom Rectum 1987; 30: 532-5. 
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Management of thoracic duct injuries after 
oesophagectomy (Br 7 Særg 2001; 88: 1442-8) 


Letter 1 


Str 
Following the pioneer work of Collard etal.’? we tried 
etilefrine in the management of chylous leak after oesopha- 
gectomy. Etilefrine, an alpha-adrenergic drug used in postural 
hypotension, causes smooth muscle contraction. As the main 
lymphatic vessels, including the thoracic duct, contain smooth 
muscles, etilefrine might influence chyle flow after thoracic 
duct injary. Our experience with three patients has been 
reported? and we have experience of three other patients. Chyle 
leakage was diagnosed because of high concentrations of 
lymphocytes and chylomicrons. Chyle output was over 
300 ml/day for all and higher than 1 Iday in two patients. 
Using a 5-mg/h intravenous etilefrine infusion, we observed a 
significant chyle flow reduction within 2 days. In five patents, 
chyle flow resolution was obtained within 5 days. In one 
patient there was a decrease of the chyle flow but eulefrine was 
stopped because of interactions with other sympathicomimetic 
drugs used for postoperative cardiorespiratory failure. Surgical 
exploration disclosed a supernumerary thoracic duct which had 
not been clipped during the first surgical procedure. We agree 
with a 48-72-h test of conservative treatment, but since the 
etilefrine effect was observed within 2 days, we feel that this 
drug may be considered as a useful adjunct. 
P. Guillem 
J.-P. Triboulet 
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Department of Digestrve and General Surgery 
Unrverstty Hospital 

Rue Michel Polonousk: 

Lille Cedex 59037 
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Letter 2 


Sir 
We agree that prevention of thoracic duct injury at the ume of 
oesophagectomy is of the upmost importance. As patients 
having an oesophagectomy are fasted prior to surgery the 
thoracic duct is empty and identification may be difficult To 
alleviate this problem we routinely administer oral cream to all 
our patients 3 h before surgery to aid in the identification of the 
thoracic duct at initial resection’. The duct 1s then easily 
identified and protected or ligated before division as necessary. 
If any accessory or aberrant ducts are divided the chyle leak can 
be identified and the vessel ligated. Prior to the introduction of 
this technique our incidence of postoperative chylothorax was 
12 of 158 oesophageal resections (7-5 per cent). Over the past 2 
years 93 patients were given cream before oesophagectomy and 
there have been no postoperative chylothoraces. ‘The patients 
tolerated the cream well and did not experience any adverse 
events. We would therefore advocate the routine oral admin- 
istration of cream before all oesophageal resections in order to 
prevent postoperative chylothorax. 

M. Shackcloth 


1 Shackecloth MJ, Poullis M, Lu J, Page RD. Preventon of 
chylothorax following oesophagectomy by the routine pre- 
operative admunistration of oral cream. Eur 7 Cardiothorac Surg 
2001; 20 1035-6. 
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Randomized clinical trial comparing the efficacy of two 
bandaging regimens in the treatment of venous leg ulcers 
(Br F Surg 2002; 89: 40-4) 


Letter 1 

Sir 

Meyer etal. found no improvement in leg ulcer healing using 
higher-compression bandages (Tensopress™) compared with 
low compression (Elastocrepe™). The implication of their 
conclusion is that a high-quality elastic bandage confers no 
healing benefit. 

The authors are entitled to describe their bandages as 
differing in stretch but not as differing in compression, since 
they produced no data on the sub-bandage pressures 
achieved. When bandages are applied in multiple layers 
caution should be adopted in attributing healing rates to the 
elastic properties of an individual layer. Our laboratory 
studies confirm that the pressure exerted by a bandage is 
substantially influenced by adjacent layers (unpublished 
data). 

The authors refer to our trial’ which showed better 
healing rates with an elastic multilayered system compared 
with a relatively inelastic multilayered system. A key 
difference is their use of paste bandaging which adheres to 
the leg and also to the overlying bandage, preventing 
movement. They were therefore comparing two cohesive 
non-elastic systems. In such a system any difference in 
compression, or in skin damage, such as they reported, 
would be likely to depend on the force with which the 
bandage was applied rather than its elasticity. The debate as 
to the respective benefits of elastic versus non-elastic 
regimens remains unresolved. 

C. V. Ruckley* 

M. J. Callamt 

D. R. Harpert 

J.J. Dale* 

B. Gibson* 

R. J. Prescott§ 

"Vascular Laboratory 
Royal In firmary 
Edinburgh EH3 9YW 

+ Department of Surgery 
Bedford and District General Hospital 
Bedford MK42 9DF 
tDay Surgery Unit 
Aberdeen Royal Infirmary 
Foresterhill 

Aberdeen AB29 2ZN 

§ Medical Statistics Unit 
University of Edinburgh 
Edinburgh EH8 9AG 
UK 
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Authors’ reply 
Sir 


We do have data on the sub-bandage pressure achieved by the 

Tensopress™ and Elastocrepe™ systems that were used, 

confirming that the Tensopress™ system exerts higher 

pressure’. It was found that the Tensopress™ regimen gave 

mean initial ankle pressures of 45 mmHg and the 

Elastocrepe™ regimen 24 mmHg using the Borgnis medical 

stocking test apparatus. We also state in our article that our 

bandaging systems were different from those used in the 

Edinburgh study. The debate between elastic and non-elastic 

systems may be further influenced by the three-layer paste 

versus four-layer bandaging study that we hope to publish 
shortly. 

F. J. Meyer 

K. G. Burnand 

St Thomas’ Hospital 

Lambeth Palace Road 

London SE] TEH 

UK 

1 Northeast ADR, Layer GT, Wilson NM, Browse NL, 
Burnand KG. Increased compression expedites venous ulcer 
healing. The Venous Forum Annual Meeting, 1990 (Abstract). 


Diagnosis and management of a mediastinal leak 
following radical oesophagectomy (Br 7 Surg 2001; 88: 
1346-51) 


Sir 
We read with interest this report from a single centre of the 
experience of a leak rate of 19 of 291 patients (6-5 per cent), six 
of 19 (32 per cent) of whom subsequently died. Given the public 
scrutiny of surgical complications and discussion concerning 
the size of institutions that should conduct oesophageal 
surgery, we wish to highlight the recent population-based 
audit of 3293 oesophageal and gastric cancers in Scotland’. 
Over a 2-year interval (to September 1999) the Scottish 
Audit of Gastric and Oesophageal Cancer (SAGOC) 
prospectively recorded data on all such cancers diagnosed 
in Scotland (with a minimum of a |-year follow-up). Of the 
1302 oesophageal, oesophagogastric junction and gastric 
cancers that had surgery, clinically detected leaks were 
recorded in 84 patients (6-5 per cent). For oesophageal 
cancer resections the leak rate was 37 of 457 (8-1 per cent); 
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17 patients (46 per cent of those with leaks) subsequently 
died. For oesophagogastric junction cancer 13 of 206 (6-3 
per cent) patients had a leak and six died (46 per cent of those 
with leaks). 

In SAGOC, however, the 663 oesophageal and gastro- 
oesophageal resections were performed in 30 hospitals of all 
sizes (96 per cent were performed by consultants). Detailed 
statistical analysis failed to show any case-load effect by 
hospital size. These data suggest that the model of managed 
clinical networks of hospitals may be as safe as the proposed 
‘superunits’ when judged against surgical criteria such as 
postoperative leaks. The network model has the added 
advantage of local access for patients and maintains multi- 
disciplinary clinical skills for upper gastrointestinal emer- 
gencies. 

A. M. Thompson 
K. G. M. Park 
for the Scottish Audit of Gastric and Oesophageal Cancer 
Department of Surgery and Molecular Oncology 
Ninewells Hospital and Medical School 
Dundee DDI 9SY 
UK 
1 The Scottish Executive. The Scottish Audit of Gastric and 
Oesophageal Cancer 1997-1999. Edinburgh: The Scottish 
Executive, 2002. 


Authors’ reply 
Sir 


Our study included all causes of mediastinal leakage after 
oesophagectomy, with a mortality following true anastomotic 
leakage in two of 13 patients (15 per cent), leading to the death 
of less than 1 per cent ofall patients in the series. This compares 
favourably with the Scottish Audit of Gastric and Oesophageal 
Cancer (SAGOC) data where 46 per cent of patients with a leak 
after oesophageal resection died, accounting for 3-7 per cent of 
all patients. Anastomotic leakage is an important measure of 
surgical technique but it is inappropriate to use this alone to 
support the model of managed clinical networks in Scottish 
hospitals. The management of these complex patients requires 
a multidisciplinary approach and more important outcome 
measures are the risk-adjusted overall in-hospital mortality and 
stage-specific survival. 

Based on all the current evidence, the government has 
recently published guidelines for improving the outcome of 
upper gastrointestinal cancer in England and Wales’. It is 
recommended that surgical resection for oesophagogastric 
cancer is performed within cancer centres containing all 
necessary multidisciplinary services, and serving a popula- 
tion of approximately | million. When the SAGOC data are 
published in full in the future, they may shed light on 
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whether Scotland will follow a similar plan for provision of 
services to England and Wales. 
P. Lamb 
S. Dresner 
D. Karat 
N. Hayes 
S. M. Griffin 
Northern Oesophago-Gastric Cancer Unit 
Royal Vietoria Infirmary 
Newcastle upon Tyne NEI 4LP 
UK 
1 Department of Health. Guidance on Commissioning Cancer 
Services: Improving Outcomes in Upper Gastrointestinal Cancers. 
London: Department of Health, 2001. 


Underpowered studies (Br 7 Surg 2002; 89: 129-31) 

Sir 

The authors’ arguments in favour of small underpowered 
studies are compelling and informative; however, counter 
arguments have not been discussed fully. The debate is actually 
an extension of the comparison of ‘meta-analysis of smaller 
trials versus large trials’'’. The suggestion that meta-analysis of 
the smaller underpowered trials is a solution to the problems of 
underpowered studies is controversial. Numerous problems 
exist with meta-analyses: publication bias, covert duplicate of 
data, etc.’. Meta-analyses can also be misleading’. A recent 
study that compared large randomized trials to previous meta- 
analyses found that the latter would have led to the adoption of 
an ineffective treatment in 32 per cent of patients and rejection 
of a useful treatment in 33 per cent’. Is prevention (the 
performance of good quality adequately-powered studies) not 
better than cure (meta-analyses of several small underpowered 
inconclusive studies)? 

The authors themselves agree that small trials are ‘on 
average lower quality’. Quality depends on proper planning 
and determination of power and sample sizes. Clinically 
important differences between interventions can be deter- 
mined by an understanding of the outcome measures, actual 
benefits/side-effects to patients and/or the healthcare 
system, and the cost-effectiveness of the interventions 
under scrutiny. Studies with low power waste valuable 
time and resources and delay the initiation of further studies 
with adequate power to reject the null hypothesis; for these 
reasons they can be considered unethical’. With due respect 
to the authors’ knowledge and expertise in the field, apart 
from the accuracy and good quality of the clinical trials, 
prior sample size estimations and planning to obtain an 
adequately powered study should still be an important 
criteria for editors to consider before publication. 
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Randomized clinical trial of Ligasure " versus open 
haemorrhoidectomy (Br 7 Surg 2002; 89: 154-7) 


Sir 

The authors were overzealous in calculating the power of the 
study, which resulted in inadequate numbers in each group and 
made valid conclusions impossible. I agree that this technique 
is easy to learn and takes less time to perform. It would be nice 
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to know how many patients in each group had previous 

injection sclerotherapy. Adherence of sphincter muscle to the 

haemorrhoids is common, which in a diathermy haemorrhoi- 

dectomy’ would be dissected away, butin the Ligasure™ group 

could be picked up and result in a sphincter injury. The authors 

should be encouraged to assess the Ligasure™ patients with 

histology of the haemorrhoids, endoanal ultrasonography and 

anal manometry to assess the anal sphincters. Though it 

appears there was no incontinence in either group, it would be 

good to know if there were any anatomical or pressure changes 

in the Ligasure™ group that may manifest later. Long-term 

results of the Ligasure™ technique will be the yardstick used to 
measure its ability to cure haemorrhoids’. 

P. J. Arumugam 

Colorectal Unit 

Singleton Hospital 

Sketty 

Swansea SA2 8QA 

UK 
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Book reviews 7 | 
Upper Gastrointestinal Surgery: A Companion to 
Specialist Surgical Practice. 2nd Ed. 


S. M. Griffin and S. A. Raimes (eds) 
250 x 190 mm Pp 474 Iibustrated. 2001 London WB Saunders. 264-96 


This book has been very carefully composed. It covers all 
the topics relevant to upper gastrointestinal surgery. It 


highlights the topical issues and unanswered questions in 
two different ways: in the text by separate subsections, and 
by adding a short summary to key references. This makes 
the volume very approachable and suitable for a quick 
update of knowledge when confronted with a difficult 
clinical problem. The list of references does not contain the 
most up-to-date literature, but this is not a specific 
shortcoming of the book. The quality of the illustrations, 
apart from the line drawings, tables and flowcharts, shows 
some variation. The radiographs and photographs of 
operative procedures, for example in chapters 10 and 14, 
are mediocre; it seems as though something has gone wrong 
with the printing process. In several other chapters, such as 
chapter 3, similar illustrations are of good quality. The 
volume guides the reader through the field of upper 
gastrointestinal surgery and fully meets the demands of ‘a 
companion’ for surgical trainees and surgeons. Overall, it 
can be highly recommended. 
i H G. Gooszen 

Department of Surgery 
Unrversity Medical Centre Utrecht 
Heidelberglaan 100 

3584 GX Utrecht 

Tbe Netherlands 


Sabiston Textbook of Surgery: The Biological Basis 
of Modern Surgical Practice. 16th Ed. 


C. M. Townsend, R. D. Beauchamp, B. M. Evers and 
K. L. Mattox (eds) 


206 X 220 mm. Pp. 1750 ilustated 2001. Phitadelptua, Penneyivarua. 
WB Saunders. $129-00, 


“It is astonishing with how little reading a doctor can 
practice medicine, but it is not astonishing how badly he 
may do it." Sir William Osler. 
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This vintage ‘oslerism’ headed the preface of my well 
thumbed. 10th edition. First published in 1936, this work 
seeks to provide the most current and comprehensive 
information on surgical science and treatment. Generations 
of budding surgeons have cut their teeth using this book as 
the mainstay of their libraries. Despite the availability of 
several other tomes from both sides of the Atlantic which 
attract the same readership, the Textbook of Surgery, now in 
its 16th edition, has flourished at the top end of a fiercely 
competitive market among the flagship texts in general 


surgery. 

This edition has been reorganized into 13 sections for 
coherence of concept and ease of reference. The book 
covers every aspect of general surgery. It includes cardiac 
and thoracic surgery, and has a major section incorporating 
the surgical specialties, including urology, paediatric 
surgery, neurosurgery, plastic surgery and hand surgery. 
Eleven new chapters, including the role of cytokines as 
mediators of the inflammatory response, molecular and cell 
biology, surgical critical care, respiratory failure, the 
endocrine pancreas, pain management and conscious 
sedation, surgery in geriatric and obese patients and 
principles of minimally invasive surgery have been added. 
This edition includes 114 new contributors who bring a 
fresh and pragmatic perspective which enhances both the 
substance and the readability of the book. 

The 16th edition does not disappoint. The editors have 
produced a quality textbook. The text is clear and crisp with 
a consistent magisterial style. The clarity of the illustra- 
tions, however, varies considerably and should be standard- 
ized in future editions. The overall impression is of a 
comprehensive textbook which admirably achieves its 
objective in being a reference book for the practising 
surgeon, trainee and senior student. 
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Scientific 





The BZS is committed to the practice of surgery based 
on scientific evidence. Each month we will publish a list 
of randomized trials and meta-analyses collated from 
English-language publications. A collection of all these 
papers will be available in the Scientific Surgery archive 
which will be held on the B7S website together with links 


Lindholt JS, Juul S, Fasting H, Henneberg EW. Hospital costs 
and benefits of screening for abdominal aortic aneurysms. 
Results from a randomised population screening trial. Eur F 
Vase Endovase Surg 2002; 23: 55-60. 

Over 12 000 men were invited: 76 per cent attended. Six men in the 


screened group and 19 in the contro! group died from an aneurysm after a 
mean of 5 years of observation. 


Danielsson G, Jungbeck C, Peterson K, Norgren L. A randomised 

controlled trial of micronized purihed flavonoid fraction versus 
placebo in patients with chronic venous disease. Eur J Vase 
Endovasc Surg 2002; 23: 73-6. 
The flavonoid fraction did not improve any symptoms except night cramps 
in this study of 101 patients with chronic venous insufficiency. 
Ultrasonographic reflux was reduced in the treatment group, but foot 
volumetry was unchanged. 


Dey P, Bundred N, Gibbs A, Hopwood P, Baildam A, Boggis C 
et al. Costs and benefits of a one stop clinic compared with a 
dedicated breast clinic: randomised controlled trial. BM7 2002; 
324: 507-10. 

Some 670 women aged 35 years or over with a breast lump were 


randomized. Anxiety levels were reduced 24 h after a one-stop clinic visit, 
but not 3 weeks or 3 months later; the cost was an extra £32 per woman. 


Bellantone R, Boscherini M, Lombardi CP, Bossola M, Rubino F, 
De Crea C et al. Is the identification of the external branch of 
the superior laryngeal nerve mandatory in thyroid operation? 
Results of a prospective randomized study. Surgery 2001; 130: 
1055-9. 

This study included 289 consecutive patients who had careful ligation of 
the upper pole thyroid vessels with, or without, identification of the nerve. 


Detailed investigation of voice patterns after operation showed no 
changes and no difference between the groups. 


Jorgensen OD, Kronborg O, Fenger C. A randomised study of 
screening for colorectal cancer using faecal occult blood 
testing: results after 13 years and seven biennial screening 
rounds. Gat 2002; 50: 29-32. 

This study from Denmark included over 60 000 subjects. Mortality from 


colorectal cancer was significantly reduced in the screened group: relative 
risk 0-82 (95 per cent confidence interval 0-89 to 0-97). 


Gencosmanoglu R, Sad O, Koe D, Inceoglu R. Hemorrhoid- 
ectomy: open or closed technique? A prospective, randomized 
clinical trial. Dis Colon Rectum 2002; 45: 70-5. 
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Contrast-enhanced magnetic resonance angiography 


G. Roditi 


Department of Radiology, Glasgow Royal Infirmary, Glasgow G31 2ER, UK (e-mail: Giles Rodi @northglasgow-scot.nhs uk) 


The first magnetic resonance angiography (MRA) techni- 
ques were flow-based and these methods are hampered by 
troublesome artefacts, particularly where laminar flow is 
disrupted at stenoses or is slow and disordered as in 
aneurysms. Limited volume coverage, poor signal from 
deep body structures and long imaging times during which 
patient movement further degrades images limited clinical 
acceptance outwith neurovascular applications. These 
limitations have been overcome with the advent of 
gadolinium contrast-enhanced MRA (CE-MRA) which 
has propelled the technique to the forefront of diagnostic 


Thoracic aorta, arch branches and carotid 
arteries 


MRAiswellsuited to the assessmentofcoarctation, especially 
in follow-up after repair when there is suspicion of restenosis 
or other complication. Thoracic aneurysms (Fig. 1), great 
vessel disease and dissection are also all well assessed’. This 
can be combined with evaluation of aortic valve incompe- 
tence and cardiac function at the same examination. 

Assessment of the carotid arteries (Fig. 2) by MRA is 
gaining in importance in validating the findings of duplex 
ultrasonography without the risk of invasive angiography. 
MRA is especially useful when duplex findings are equivocal 
and when significant tandem disease at the great vessel 
origin or carotid siphon is suspected. While imaging access 
to the carotid arteries is restricted with ultrasonography, 
MRA can provide a comprehensive overview from the aortic 
arch to the intracranial circulation’. 

There is a trade-off to be made between fast imaging and 
high spatial resolution and/or high contrast. These 
conflicting demands are well illustrated in carotid imaging, 
where high spatial resolution is critical for accurately 
defining disease while venous enhancement must be 
avoided by rapid umaging (circulation time from carotid 
arteries to jugular veins ıs in the order of just 8 s). Newer 
optimized pulse sequences and ımproved hardware are 
successfully addressing these issues’. 


Renal arteries 
MRA evaluation of the renal arteries for occlusive disease is 


a major application and the early promise as a non-invasive 
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screening technique is now coming to fruition. Gadolinium 
agents have negligible nephrotoxicity, an important advan- 
tage when imaging patients with renal insufficiency. Renal 
CE-MRA is also indicated for the assessment of vascular 
anatomy in living related donors for transplantation, 
avoiding the use of invasive angiography with ionizing 
radiation*. An initial morphological study of the retro- 
peritoneum is useful in depicting renal anatomy, and 
magnetic resonance imaging has been shown to be more 
accurate in the assessment of renal size and detection of 
pathology than ultrasonography. The problem of renal 
transplant artery stenosis is also well suited to MRA 
assessment. 

The use of contrast also brings the potential with 
dynamic serial imaging to provide renal perfusion/func- 
tional information at the same time as the angiogram. 
New techniques such as parallel imaging are permitung 
‘time-resolved’ acquisitions that can track bolus passage 
while maintaining spatial resolution, with the potential to 
acquire angiographic and perfusion imaging at the same 


time’. 


Splanchnic arterial branches and portal venous 
system 


The coeliac and superior mesenteric artery origins are well 
defined with CE-MRA making it ideal for assessing 
suspected mesenteric angina®. While studies have shown 
MRA to be accurate in identifying major visceral vessel 
variations, there is only limited experience in the evaluation 
of these vessels for encasement (e.g. staging pancreatic 
carcinoma). In all enhanced splanchnic studies, venous 
phase imaging is acquired routinely immediately after the 
arterial study to show the portal venous system (Fig 3) and 
hepatic veins. 

MRA has been shown to be the most sensitrve and 
accurate imaging modality for the assessment of variceal 
pathways and portosystemic shunts in portal hypertension, 
as well as for the assessment of portal venous patency before 
portosystemic shunt creation and liver transplantation’. 
As CE-MRA provides both portal and hepatic venous 
anatomy, it can be used as part of comprehensive liver 
evaluation before transjugular intrahepatic portosystemic 
shunt to produce a spatial map of the venous anatomy to 
plan the formation ofa suitable shunt tract (in what may bea 
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distorted liver parenchyma) ind exclude an extrahepatic 


portal bifurcation when the liver is shrunken. 


Abdominal aorta, iliac and lower-limb arteries 


lhe abdominal aorta may be studied for evaluation oft 


aneurvsmal disease, stenosis, inflammatory change and 


dissection, with an accuracy comparable to that of digital 
subtraction angiography (DSA) and computed tomography 
(CT) angiography. CE-MRA is particularly indicated for 
the assessment of occlusive aortoiliac disease (Fig. 4), 
especially where there are poor femoral pulses, grafts 
(extra-anatomic, occluded or complicated by false aneur- 


VSTTIS) OI Oro 
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problematic). The initial problem with CE-MRA in the 


|] 


Owe! limbs was one of lengt] $) coverage; this has now been 
overcome with systems utilizing a stepping table technique 
similar to those now common in conventional angiography 
suites, with analogous masking methods. Using these 
systems, evaluation of the aortoiliac vessels and the whole 


lower-limb arterial run-off has been reduced to a short 





Fig. 1 Surtace shaded rendering ot thoracic aorta showing huge 


isCcel ding wrtic aneurysm and relation to great vessels 
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outpatient scan appointment, requiring no special prepara- 
tion other than an intravenous injection of non-nephrotoxic 
contrast agent. The accuracy of these techniques compared 
with conventional DSA has been well validated in several 


studies”. 


Systemic veins and pulmonary vasculature 


\lthough MRA is accurate in the assessment of venous 
disorders, it is generally reserved for regions not easily 
amenable to duplex ultrasonography, such as the thoracic 
veins, pelvic veins and vena cava. Recent work has also 
shown a high accuracy in the detection of calf deep vein 


thrombosis for which ultrasonography may be specific but 





Fig. 2 Carotid magnetic resonance angiography using phased 
array coil; detailed view of right carotid trom origin to circle of 


Willis showing internal caretid origin stenosis 





Fig. 3 Normal portal venous magnetic resonance angiography; 


note high contrast obtained with background context of related 


irterial anatom 
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insensitive; examination is often hampered in the swollen or 
ulcerated limb. 

Pulmonary MRA is technically challenging if rapid 
enough imaging to separate pulmonary arterial from 
pulmonary venous phases IS sought, although this is not 
an absolute requirement for diagnosis . The advantage of 
VIRA tor the investigation of pulmonary embolism is that it 
can provide perfusion information as well as direct vessel 
visualization, While spatial resolution is currently inferior 
to that of helical CT techniques, MRA has a role in the 
young, in pregnancy, in monitoring of therapeutic results 
and when central vein visualization is required, such as in 


patients with central venous lines. 


Limitations, pitfalls and economics 


VIRA is limited by the same factors as any other magnetic 
resonance imaging. It is contraindicated in pacemaker- 
dependent patients and in those with internal defibrillators 
(and various other implanted systems). Local metalwork, 
such as hip prostheses and surgical clips, causes artefacts 
that may limit imaging; vascular stents are particularly 
problematic. Many stents currently implanted are stainless 


steel and their interior cannot be visualized. However. some 





b Femoral artery 


Fig. 4 a and b Two stations from peripheral magnetic resonance angiography study showing aneurysmal aorta, stenotic iliac disease 


ind occlusive superficial femoral artery « 
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stent materials, such as nitinol, are more MRA friendly and 
can be imaged successfully, particularly those of larger 
calibre. The other main limitation is that of spatial 
resolution which does not yet match that of conventional 
radiographic angiography. Vascular intervention using 
MRA is theoretically possible and is currently an area of 
research; several studies have shown the practicality of 
angioplasty in animal models, although clinical reality is 
some years off". 

The large number of images produced means that 
interpretation of MRA must be performed on a workstation. 
Maximum intensity projection (MIP) images provide over- 
view anatomy in a familiar ‘angiographic’ format, but 
reliance on these without reference to the base images may 
lead to misdiagnosis. MIP reformation isa valuable tool, but 
the quality of image is dependent on the care taken during 
editing and the radiologist reporting must be aware of all the 
data for a study. On occasion, surface shaded display (SSD) 
may prove helpful for particularly tortuous anatomy as it 
helps orientation. SSD is, however, even more prone to 
masking or exaggerating pathology than MIP. 

Economically MRA is attractive, certainly in comparison 
to conventional angiography for which capital and staff 
costs are high. In this institution analysis has shown MRA, at 
£150 basic National Health Service cost, to be +4 per cent 
cheaper than conventional angiography (71 per cent 
cheaper when bed costs are included), allowing significant 
savings despite a rising diagnostic workload. Departmental 
data since the introduction of MRA 4 years ago show a 42 
per cent reduction in conventional diagnostic angiography 
while interventional vascular procedure rates have 
remained steady. Although the number of patients overall 
undergoing angiographic diagnosis (MRA plus conven- 
tional angiography) has increased by 35 per cent (mainly for 
renovascular assessment), there has been a theoretical 
saving of about £100 000 per annum while waiting times 


have halved. 


Conclusion 


MRA is a rapidly advancing and exciting modality that, 
where available, is becoming the preferred first-choice 


British Journal of Surgery 2002, 89, 817-820 www. bjs.co.uk 


vascular imaging procedure in many diagnostic situations. 
With advances in hardware and software, the only barriers 
to its widespread routine use will be machine availability 
and radiological expertise. 
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There are three well recognized complications of thyroid 
surgery, recurrent laryngeal nerve dysfunction, hypo- 
parathyroidism and postoperative bleeding, their incidence 
is a sensitive measure of the quality of the thyroidectomies 
being performed. Reported complication rates vary widely, 
from 0 to 14 per cent for recurrent laryngeal nerve injury, 
1-11 per cent for permanent hypoparathyroidism, and 0-1 
per cent for postoperative bleeding’. Differing complica- 
tion rates may reflect variation in surgical experience, but 
other variables are related to outcome as well as the simple 
number of operations a surgeon performs. 

The association between the volume of an operation 
performed and outcome has important implications for 
enhancing quality and reducing the cost of healthcare. 
Investigation of volume—outcome relationships is not a new 
concept. Luft etal? in 1979 addressed the issue of 
regionalization of operations based on surgical volumes 
and mortality. Since then, many studies have evaluated the 
relationship between patient volume and outcome for a 
number of surgical procedures and for treatment of various 
medical conditions. It has been suggested that providers 
who treat larger volumes of patients have better 
outcomes’ >. The business community in the USA is 
actively acquiring information on quality of care. The 
Leapfrog Group, a large coalition of major corporations, is 
using such information to determine which facilities will be 
used to provide healthcare for their employees’. 

The Institute of Medicine found 88 volume—outcome 
studies that met its critical review for scientific merit and 77 
per cent of them demonstrated a significant association 
between patient volume and outcome’. Volume~outcome 
studies heve demonstrated an association between higher 
volume and lower in-hospital mortality rates for various 
operations, including pancreaticoduodenectomy, oesopha- 
gectomy, gastrectomy, colectomy, lung lobectomy, abdom- 
inal aortic aneurysm repair, carotid endarterectomy and 
coronary artery bypass grafting”. The National Cancer 
Registry Board considered that the voluame—outcome data 
for treatment of patients with oesophageal and pancreatic 
cancer were so compelling that it has recommended the 
referral of such patients to high-volume hospitals recog- 
nized as centres of excellence. 

The relationship between volume of operations per- 
formed and outcome has also been examined for thyroid 
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surgery, but not to the extent of some other operations. Sosa 
etal.© demonstrated a significant inverse relationship 
between the volume of thyroidectomies performed by 
individual surgeons in Maryland and complication rates, 
postoperative length of stay and hospital charges. Surgeons 
performing 100 or more thyroidectomies over a 6-year 
period had the lowest complication rate, the shortest 
hospital stay and the lowest hospital charges compared 
with surgeons performing 30-100 cases, 10-29 cases and 
between one and nine cases. The high-volume surgeons had 
one-third fewer complications from thyroidectomy per- 
formed for benign disease, and two-thirds fewer complica- 
tions from thyroidectomy performed for cancer, than 
surgeons who performed between one and nine thyroid- 
ectomies during the 6-year period. The authors make a case 
for referring to high-volume surgeons those patents with 
known or suspected thyroid cancer or for whom near-total 
or total thyroidectomy is considered the procedure of 
choice. 

Lamade and colleagues’ reported nearly twice as 
high an incidence of early recurrent laryngeal nerve 
dysfunction for surgeons who had completed their 
traning and were not specializing in thyroid surgery, 
compared with surgical trainees and established sur- 
geons specializing in thyroid surgery. The lower 
incidence of complications for surgical trainees was 
probably the result of extensive supervision by more 
experienced operators. Mishra etal. also reported 
sumilar incidences of recurrent laryngeal nerve injury 
and permanent hypoparathyroidism following total 
thyroidectomy performed by endocrine surgical trainees 
and by experienced (consultant) surgeons. 

Other factors that are important in performing safe 
and effective thyroid surgery include a thorough 
understanding of normal neck anatomy and anatomical 
variations, and comprehensive training in the appro~ 
priate surgical techniques. It should be recognized that 
the incidence of recurrent laryngeal nerve injury 
increases with the size of the diseased thyroid and 
with the extent of thyroid resection’; when appropriate, 
total thyroidectomy should be avoided. Routine expo- 
sure of the recurrent laryngeal nerve throughout its 
entire course has been shown to reduce the rate of 
recurrent laryngeal nerve injury’. This should be a 
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component of every thyroidectomy as it allows the 
surgeon to visualize and avoid injury to the nerve 


pr 


during thyroid resection. The operator should be aware 
of the possibility of a non-recurrent laryngeal nerve 
which comes off the vagus nerve in the neck in 
approximately 0-5 per cent of individuals, more often 
on the right side. Injury to the superior laryngeal nerve 
is avoided by ligation of the branches of the superior 
thyroid artery close to the capsule of the thyroid gland. 

Hypoparathyroidism after thyroid surgery is pre- 
vented by preserving the parathyroid glands im situ 
and by autotransplanting parathyroid tissue that cannot 
be so preserved. In situ preservation of the parathyoid 
glands and their blood supply is accomplished by 
individual ligation of the branches of the inferior 
thyroid artery on the surface of the thyroid lobe and 
leaving the glands within their envelope of fat. When a 
gland cannot be preserved, a small piece should be 
submitted for frozen-section examination to confirm 
that the tissue is parathyroid. The remaining gland is 
then sliced into multiple sections and is autotrans- 
planted into the .sternocleidomastoid muscle. Preserva- 
tion of the recurrent laryngeal nerves and the 
parathyroid glands by their identification is a better 
approach than using the technique of capsular dissec- 
tion with the presumption of safety as advocated by 
some surgeons. 

To reduce complications, general surgery training 
programmes need to provide an adequate operative 
experience in thyroid surgery. Harness et al.” previously 
evaluated the operative experience in the USA of 
general surgery residents in thyroid surgery, and 
concluded that surgery residency training 
programmes do not give adequate exposure to such 
operations. The mean number of  thyroidectomies 
performed as ‘surgeon’ by a graduating chief resident 
in 1994 was only 12-5 and the mode was 8, raising 
concern as to whether residents were receiving ade- 
quate experience in operating for thyroid cancer, 
substernal goitre and Graves’ disease’’. By 2001, the 
mean number of thyroidectomies had increased to only 
ee 


general 


Training can be improved by having a competent 
endocrine surgeon on the faculty of all academic 
programmes to ensure that general surgery trainees 
obtain the requisite surgical skills to perform a safe and 
effective thyroidectomy. For programmes that routinely 
do not meet the minimum requirements for endocrine 
surgical procedures, special endocrine surgery rotations 
should be organized at other institutions. The structure 
of training programmes may need to be changed so 
that thyroidectomies are channelled to trainees planning 
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careers in general surgery and away from those 
planning to be plastic, vascular or cardiovascular 
surgeons. For those interested in specializing in thyroid 
surgery, added training should be pursued to obtain 
more experience in performing total thyroidectomy, 
central and modified neck dissections, and reoperative 
neck surgery. Furthermore, it may be worthwhile to 
investigate a 
increase in complication rates that occurs during the 
maturation of surgeons immediately out of training. A 
new surgeon could be paired with a senior colleague 
who could be consulted for advice and who would act 


means of minimizing the temporary 


in a supervisory role for more difficult or extensive 
operations. 

In summary, there are many variables that contribute 
to a successful outcome from thyroidectomy. Improving 
additional 
training for those interested in specializing in thyroid 


surgical training, encouraging fellowship 
surgery, providing consultation and supervision for new 
surgeons, and directing more difficult thyroidectomies 
to high-volume surgeons are a few steps that might be 
taken to improve outcome and enhance patient care. It 
is also important to continue to accumulate surgical 
outcome data, specifically for total thyroidectomy, 
modified neck dissection and reoperative thyroidectomy, 
to aid policy decisions about who should be performing 
such procedures. 
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Background: The prediction of which patients with Barrett’s metaplasia will develop cancer is difficult. 
Better genetic characterization of the condition may aid clinicians in devising more effective 
management and follow-up strategies. 

Methods: A review was undertaken of the accumulated genetic data relating to the progression of 
squamous epithelium to adenocarcinoma. The normal functions of a number of cancer-related genes . 
are described and an explanation is given of how alterations in these genes interfere with normal cell 
processes and lead to cancer. 

Results and conclusion: The main genetic alterations accompanying the progression through dysplasia 
to adenocarcinoma were collated from 135 papers. The principal genetic changes implicated are the loss 
of p16 gene expression (by deletion or hypermethylation), the loss of p53 expression (by mutation and 
deletion), the increase in cyclin D1 expression, the induction of aneuploidy and the losses of the Rb, 


DCC and APC chromosomal loci. 
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introduction 





Norman Barrett is credited with the discovery in 1950 of 
metaplastic columnar epithelial cells lining the lower 
oesophagus’. He originally believed that the columnar 
lining was the result of a short oesophagus that drew 
stomach tissue up into the thoracic cavity’. Barrett's 
oesophagus is now recognized as a metaplastic condition 
in which squamous epithelial cells are replaced by 
intestinal-type columnar epithelial cells as a consequence 
of gastro-oesophageal reflux disease. Barrett’s oesophagus 
is defined as a columnar-lined oesophagus with intestinal 
metaplasia on biopsy, accompanied by the existence of 
goblet cells, and Barrett’s metaplasia represents the first step 
in the pathway to oesophageal adenocarcinoma. The 
metaplastic oesophagus subsequently progresses through 
low-grade dysplasia (LGD) and high-grade dysplasia 
(HGD) to adenocarcinoma. Currently, despite recent 
advances in laser ablation techniques and photodynamic 
therapy, no treatment is available that can reverse the 
metaplastic state’ or remove the risk of progression to 
adenocarcinoma*. The risk of progression to higher grades 
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of dysplasia and adenocarcinoma cannot be predicted 
accurately, and so patients are entered into endoscopic 
surveillance programmes, placing a significant burden on 
health services’. 


Role of reflux in Barrett’s metaplasia 


Reflux induces damage to squamous epithelial cells and 
causes stem cell proliferation, resulting in the replacement 
of squamous cells with columnar cells®. This cell conversion 
may initially progress through the appearance of simple 
columnar cells before specialized intestinal cells are evident. 
‘The process of metaplasia may be enhanced through the 
folding of the basal epithelium, which may physically 
position stem cells closer to the refluxate’. For a review of 
the potential mechanisms of metaplastic transformation, 
see Jankowski eral.. Metaplastic intestinal-type columnar 
cells may be more resistant to the refluxate because of their 
mucin-producing status, and so may be positively selected 
for by further refluxate exposure. As well as gastro- 
oesophageal reflux, severe mucosal damage may also be 
caused by the components of duodenal juice during 
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duodenogastro-oesophageal reflux. Duodenal reflux may 
therefore further promote neoplastic development in 
oesophageal tissue”!° 


Barrett’s metaplasia 


Metaplastic Barrett’s segments may vary in length; indeed, 
segment length represents an important factor in disease 
progression and metaplasia may be divided into short- 
segment (3 cm or less) or long-segment (more than 3 cm) 
forms. Ultra-short-segment metaplasia, also known as 
cardiac intestinal metaplasia, describes an endoscopically 
normal gastro-oesophageal function with histologically 
detectable goblet cells. Such ultra-short-segment lesions 
may represent a separate disease”!', perhaps linked to 
infection of the stomach with Hekcobacter pylort'?-!°. The 
risk of developing adenocarcinoma is proportional to the 
segment length’. Long-segment Barrett’s metaplasia 
represents the most important risk factor for progression 
to adenocarcinoma’’; short-segment disease is associated 
with a lesser risk!®. 


Dysplasia 

Surveillance of metaplasia requires regular endoscopic 
examination, with 2-cm quadrantic biopsies. At present, 
histological detection of dysplasia is the principal means of 
assessing the risk of cancer progression’®. Biopsies are 
currently categorized as negative for dysplasia, indefinite 
for dysplasia (where there is difficulty in distunguishing 
between dysplasia and regenerative change), LGD and 
HGD. While good interobserver correlation is obtained 
with HGD, there ensts considerable variation when 
interpreting LGD and the indefinite category. HGD may 
be further subdivided into focal or diffuse types. Diffuse 
HGD has recently been shown to carry a higher risk of 
progression to adenocarcinoma’’. Some 50 per cent of 
patients with HGD may already have an adjacent adeno- 
carcinoma’. It has also been shown that the surgical removal 
of HGD tissue leads to 5-year survival rates greater than 80 
per cent’, and so HGD appears to be highly predictive of 
cancer development !??, However, the rate of development 


of HGD from metaplasia is not known. 


Adenocarcinoma 

Over the past 30 years, the rise in the incidence of Barrett’s 
adenocarcinoma has been greater than that for any other 
malignancy in the USAŚ?* and has shown an eightfold 
increase in the UK over the same period”. Currently, ın 
these Western countries, adenocarcinoma 1s ranked as the 
fifth most prevalent cancer**. This rise has been linked to a 
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corresponding increase in the incidence of Barrett’s 
metaplasia’. The survival rates from oesophageal cancer 
are poor’®; indeed, the mortality rates from adenocarci- 
noma often reflect the incidence rates’’”*. Thus Barrett’s 
associated adenocarcinoma needs to be diagnosed and 
treated early if any improvement in long-term prognosis is 
to be achieved. 


Risk factors for Barrett’s metaplasia 


oe metaplasia is most often diagnosed 1 in caucasian 
?, itis linked to cigarette smoking’® and obesity”. It 
occurs relatively more frequently in patents with a low 
intake of fruit and vegetables*’, fibre’? and selenium’’. The 
risk of developing oesophageal adenocarcinoma is 30-125- 
me er in patients who already have Barrett’s meta- 
. Gtven that 15-30 per cent of people experience 
E 7 and that 5-10 per cent of them are likely 
to develop metaplasia*”°, up to 3 per cent of the Western 
population may have Barrett’s metaplasia. ‘The scale of the 
problem is highlighted by the fact that 7000 new cases of 
oesophageal adenocarcinoma are diagnosed annually in the 
UK 


Only 5-10 per cent of patients with reflux develop 
metaplasia’, demonstrating the influence of host genetic 
factors on the acquisition of Barretts metaplasia. It is 
known that chronic reflux is a feature in only 60 per cent of 
those with metaplasia’; some patients develop adeno- 
carcinoma without a history of acid reflux’? and without 
metaplasia’’. Other important factors seem to be crucial in 
the development of metaplasia and adenocarcinoma; these 
may include exposure of the oesophagus to nitrosamines”, 
such as N-nitrosodiethylamine and N-nitrosodimethyl- 
amine’, Conversely, the presence of H. pylori has been 
suggested as a protective factor, because those with 
metaplasia tend not to have CagA* strains of this organ- 
ism*’~*". This protective effect may be related to H. pylori- 
induced gastric atrophy, which may reduce stomach acid 
production. 


Problems associated with the identification and 
staging of Barrett’s metaplasia 


Only a small proportion of patients with Barrett’s metapla- 
sia develop adenocarcinoma and so routine endoscopic 
surveillance of all sach patients may not be cost-effective. 
Variation between clinicians exists in endoscopic surveil- 
lance regimens” and there are large numbers of false- 
positive diagnoses of metaplasia. Interobserver variation 
1s also a problem in the grading of progression of disease™. 
Molecular approaches are urgently required to pinpoint 
diagnostic markers to permit accurate identification of 
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individuals at greater risk of progression to adenocarci- 
noma. 


Genetic alterations during the progression of 
Barrett’s metaplasia to adenocarcinoma 


A large number of genetic events are important in the 
metaplasia—dysplasia~adenocarcinoma (M-D-A) sequence, 
highlighting the multistep 
genesis? LH, The M-D-A sequence in Barrett’s meta- 
plasia may be a model for tumorigenesis in epithelial tissues 
in general. Most of the genes involved in the development of 
adenocarcinoma are normally responsible for the control of 
cell proliferation. Deviation from the strict control of 
proliferation leads to dysregulated division and, ultimately, 
cancer, 


nature of tumori- 


Cell signalling genes 


These genes code for proteins that carry the mitogenic 
signals causing cells to proliferate. Inappropriate signalling 


Growth factors 
(e.g. EGF, TGF) 


Growth factor receptor 
(EGFR, c-erbB2} 


| Ras 
| 
| 
Signal | Raf-1 
transduction | 
cascade | 
| Mek 
| 
y Erk-2 


Transcription factors 
(myc, fos) 





can lead to continuous proliferation, a phenotype of cancer. 
Fig. 1 shows a simplified cell signalling pathway, high- 
lighting the role of some of the following genes. 


c-erbB2 gene 

The c-erbB2 gene codes for a transmembrane receptor 
(including the Her-2/neu gene product) for external growth 
signals and is located at chromosome 17q21. Amplifications 
of this locus have been detected in oesophageal adenocarci- 
noma and appear to represent a late event in disease 
progression®°**. Overexpression of this gene has been 
correlated with poor survival?!*”, 


Epidermal growth factor receptor gene 

The epidermal growth factor receptor gene (EGFR; 
c-erbB1) is located at chromosome 7p12-13. Its amplific- 
ation is detected in the majority of oesophageal adeno- 
carcinomas’’*! and represents a late event. Such 
amplification has also been correlated with the occurrence 
of lymph node metastasis’. 


vy 
vy 


Extracellular domain 


Cel; membrane 





Cytoplasm 


Fig. 1 Cell signalling pathway. In this example, extracellular growth factors stimulate cell proliferation by binding to and activating the 
appropriate growth factor receptor. This activation often involves autophosphorylation of tyrosine amino acids within the intracellular 
domain of the receptor. Phosphorylated tyrosine then acts as a signal for second messengers, which may involve pathways such as the 
cascade shown. In this pathway Ras passes on the growth signal to Raf-1 through its intrinsic guanosine 5’-triphosphatase activity. Raf- 
l subsequently passes this signal (by serine kinase activity) on to mitogen-activated protein kinase (Mek) kinase. The Mek kinase has 
itself to be phosphorylated (P) before it can activate extracellular signal-regulated kinase (Erk) 2. Phosphorylated Erk-2 may 
subsequently activate the transcription factors c-fos and c-myc within the nucleus. EGF, epidermal growth factor; EGFR, epidermal 


growth factor receptor; TGF, transforming growth factor 
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Transforming growth factor a gene 

Transforming growth factor (TGF) a binds to EGFR and 
stimulates cell division’. Amplification of the TGF-o gene 
(at chromosome locus 2p13) has been detected in adeno- 
carcinoma progression®”~°*, TGF-o is also implicated in 
the stimulation of vascular endothelial growth factor 
(VEGF) in Barrett’s tissue’’. VEGF has been correlated 
with vascularization and so may play a role ın the 


angiogenesis of adenocarcinoma. 


SRC 

SRC is a tyrosine kinase involved in the epidermal growth 
factor signalling pathway and has been implicated in 
deregulating cell adhesion. The transcription factor c-myc 
can be activated by the SRC pathway, leading to cell 
proliferation’’. SRC is overexpressed in metaplastic 
tissue’’”®, with a sixfold increase in kinase activity in 
adenocarcinomas’®. Hence SRC activation may represent 
an early event in adenocarcinoma development. 


K-ras gene 

The K-ras gene encodes a protein involved in signal 
transduction. K-ras mutations have been detected in 40 
per cent of HGDs and in 30 per cent of adenocarcinomas”. 
However, these mutations have not been detected in 
metaplastic ussue and are thought of as a late event in 
adenocarcinoma progression”. The K-ras gene has also 
been found to be amplified in 40 per cent of adenocarci- 
nomas”', 


Cell cycle control genes 


Cancer is often described as a disease of the cell cycle 
(Fig. 2). Cell cycle progression is controlled by cyclin- 
dependent kinases (CDKs) that promote progression, and 
CDK inhibitors that arrest progression. Fig. 3 highlights 
the cell cycle control pathway involving the retinoblastoma 
(Rb) gene product. In progression of Barrett’s metaplasia 
there appears to be an accumulation of cells in the S phase 
and the G2 phase™, suggesting that cells are escaping the 
G1-G0 checkpoints. 


Retinoblastoma gene 

The Rb tumour suppressor gene, located on chromosome 
13q14, mediates cell cycle progression (Fig. 3) and is also 
linked to apoptotic pathways mediated by the p33 gene (via 
p14“2*), The Rb gene locus shows loss of heterozygosity in 
36-48 per cent of oesophageal adenocarcinomas% 95 

also detectable in metaplastic epithelium?’. Loss of hetero- 
zygosity describes the loss of one of the two allelic copies of 
an autosomal gene. Abnormalities in the messenger RNA 
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Fig. 2 The cell cycle, consisung of the gap 1 (G1) phase, the 
DNA synthesis (S) phase, the gap 2 (G2) phase and the mitosis 
(M) phase. Also shown are the two main checkpoints at GI-S 
and G2-M 


(mRNA) expression of Rb have also been detected in 28 per 
cent of adenocarcinomas” 


Cyclin DI and E genes 

The cyclin D1 proto-oncogene lies on chromosome 11q13, 
a site often amplified in adenocarcinoma®”"™. When cyclin 
D1 expression was examined in the early stages of Barrett’s 
metaplasia progression, a significant increase was found, 
along with nuclear accumulation of the protein in 46 per 
cent of cases of metaplasia®’. Cyclin D1 overexpression not 
only appears to be an early genetic change, but also 
significantly increases the risk of metaplasia progressing 
to adenocarcinoma™. A recent study showed that patients 
with overexpression of cyclin D1 were six to seven times 
more likely to develop adenocarcinoma than those without 
overexpression’’. In addition, the cyclin E gene has been 
implicated in adenocarcinoma development and has 
recently been identified on chromosome 19q12, a site 
often amplified in adenocarcinoma’”’. 


p53 gene 
See ‘Genome maintenance/apoptosis genes’ below. 


p16 gene 

The p16 gene is a CDK inhibitor, located at chromosomal 
position 9p21. p16 allelic loss has been demonstrated in 75 
per cent of metaplastic tissues and precedes aneuploidy”. 
p16 allelic losses in metaplastic and dysplastic Barrett’s 
tissue are more prevalent than p53 allelic losses, and are 
detectable throughout the metaplastic region”. Indeed, the 
loss of p16 may represent the earliest genetic change in 
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Fig. 3 Control of cell cycle progression. In this example, entry into § phase of the cell cycle is controlled by the interaction of a number 
of gene products. The retinoblastoma protein (Rb) is a tumour suppressor that binds to the E2F transcription factor and prevents cell 
cycle progression. However, when the cell cycle approaches S phase, Rb is phosphorylated by cyclin-dependent kinase (CDK) 4, in 
conjunction with cyclin D1. Phosphorylated Rb releases E2F, which subsequently binds dimerization protein (DP) 1 and acts as a 
transcription factor initiating the transcription of key genes promoting S-phase transition. The CDK inhibitor p16 can block the 
phosphorylation of Rb and maintain cell cycle arrest; hence loss of the p16 gene product can result in the upregulation of cell 
proliferation. Degradation of cyclin D by ubiquitin-mediated proteolysis negatively regulates the S-phase signal. Pola, DNA 


polymerase a; PCNA, proliferating cell nuclear antigen 


progression of Barrett’s metaplasia. Hypermethylation of 
the promoter region of the p16 gene silences gene 
expression and so removes the gene product. In one study, 
nine of ten dysplastic tissues and eight of 21 metaplastic 
samples were shown to have aberrant p/6 promoter 


methylation’ * ^. 


p27 gene 
The p27 tumour suppressor gene, another CDK inhibitor, 


nomas immunohistochemical studies have shown that p27 
protein levels are low, despite increased mRNA levels in all 
the cases °. For p27 to arrest the cell cycle, it must be 
localized to the nucleus, but 50 per cent of HGD cases have 
cytoplasmic localization of the protein, which renders it 
inactive”, This represents another mechanism of gene 
inactivation: inappropriate cellular localization of the gene 


product. 


p2l gene 
The p21 gene is situated on chromosome 6p21 and encodes 
ap33-induced CDK inhibitor. Significant overexpression of 
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this gene has been found at all stages of progression from 


LGD to adenocarcinoma”, suggesting a p3-mediated 
block to cell cycle progression in response to DNA damage. 


Cell adhesion genes 


Cell adhesion is a mechanism that prevents invasion and 
metastasis by tumour cells. Hence cell adhesion genes have 
been implicated in the metastatic step of tumour progres- 
sion. Decreased cell adhesion may also be important in the 
initial steps of progression of Barrett’s metaplasia, allowing 
the drift of clonally derived cells along the epithelium to 
create a cellular field change. 


Cadherin genes 

Cadherins E and P are thought to be implicated in the 
metastasis of adenocarcinoma’’. Loss of these proteins 
allows the migration of cells during metastasis*. There is 
progressive loss of cadherin expression throughout the 
M-D-A sequence?! Indeed, germline E-cadherin muta- 
tions may be responsible for the occurrence of adenocarci- 
noma in some patients’. 


© 2002 Blackwell Science Ltd 


G. J. S. Jenkins, S H. Doak, J. M. Parry, F. R. D’Soura, A. P. Griffiths and J. N. Baxter * Progression of Berrett’s metaplasia 829 


Catenin genes 

Catenin genes are implicated in the M-D-A progression via 
two mechanisms. First, catenins are mvolved in cell 
adhesion, acting in conjunction with cadherins. Second, 
catenin proteins interact with the adenomatous polyposis 
coli (APC) tumour suppressor protein, which mediates its 
own degradation. When APC function is lost, B-catenin 
accumulates and overflows into the nucleus, where it 
consequently acts as a transcription factor, driving the 
transcription of growth-promoting genes’. Increased cate- 
nin phosphorylation has also been shown throughout the 
, resulting in nuclear translocation?” 
and transcription promotion. A recent report has suggested 
that B-catenin also activates transcription of cyclin D1, a 
proto-oncogene that drives cell cycle progression”. 


APC gene 

The APC gene, mapped to 5q21, is involved in cell adhesion 
through its interaction with the catenin—cadherin proteins. 
In addition, APC protein binds to the ends of micro- 
tubules®** that form the spindle apparatus during chromo- 
some segregation, and so APC defects may mediate 
chromosomal instability during metaphase. The APC 
gene is a tumour suppressor gene and loss of APC alleles 
have been implicated in the M-D-A progression”: 5q is 
often lost in the progression to adenocarcinoma’’. In one 
study, loss of heterozygosity of 5q was idenufied in HGD, 
adenocarcinoma and metaplastic tissue adjacent to HGD®. 
APC hypermethylation occurs at a high frequency in 
metaplasia and adenocarcinoma, and so appears to be an 
early event in neoplastic progression, causing loss of gene 
function”, 


DCC gene 

The deleted in colonic cancer (DCC) gene encodes a cell 
adhesion molecule and 1s located on chromosome 18q21.1. 
Loss of heterozygosity of 18q21 increases progressively as 
metaplasia evolves to adenocarcinoma®’. The fact that this 
has been detected in metaplasia as well as adenocarcinoma 
indicates that it may be an early change in the M-D-A 
sequence?*®, 

CD44 

The CD44 receptor protein is involved in cell adhesion. 
The expression of CD44 variants increases progressively 


through the dysplasia sequence and their expression may be 
correlated with the aggressiveness of adenocarcinoma”. 


Genome maintenance/apoptosis genes 
The DNA present in human cells ıs constantly subject to the 
effects of damaging agents. To maintain the correct copy 
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number and sequence of key genes, there exist gene 
products that repair and maintain the genome. Without 
these proteins, errors in DNA replication are left unre- 
paired and accumulate in subsequent generations of cells. 


p53 gene 

The p53 gene at chromosome 17p13 encodes a protein that 
monitors the integrity of the genome and halts cell cycle 
progression at G1 (via p21) if the genome is damaged, 
allowing tme for DNA repair. If the genome cannot be 
repaired, p53 promotes apoptosis. p53 mutations may be 
present at all levels of the metaplastic segment, suggesting 
clonal expansion’’. Allelic loss of 17p is also common, 79 
per cent of adenocarcinomas having lost a p53 allele”. p53 
mutations occur relatively early in the M-D-A sequence, 
being detectable in 40-88 per cent of adenocarcinomas, 30- 
66 per cent of HGDs’*™ and up to 60 per cent of 
metaplasias”’. Additionally, identical p53 mutations have 
been found in adenocarcinomas and adjacent dysplastic 
tissue”’, suggesting a role for such mutations early in the 
progression to adenocarcinoma. In some studies, the same 
p53 mutations found in dysplastic areas can be identified in 
metaplastic epithelia throughout the Barrett’s segment”. 
Loss of p53 function correlates with poor prognosis in 
Barrett’s patients”. p53 mutations in adenocarcinoma are 
clustered within so-called hotspots. These hotspots gener- 
ally reflect the amino acid codons that best disrupt protem 
function. In p53, the hotspot codons are located in exons 5,7 
and 8 (codons 175, 248, 273)8597-1901, 


mdm2 gene 

The mdm2 gene, located at 12q15, plays an important role 
in the negative regulation of p53. mdm2 has been shown to 
be overexpressed in adenocarcinomas’, hence inactivating 
p33. 


Telomerase 

Telomerase enzymes maintain the ends of chromosomes, 
which naturally shorten during the cellular ageing process. 
Telomerase activity is thought to be involved in the 
progression to adenocarcinoma, as has been associated 
with cell immortality. Telomerase is normally expressed at 
low levels in gastrointestinal epithelial stem cells'®”. 
However, in one study 100 per cent of adenocarcinomas 
and HGDs were strongly positive for telomerase expres- 
sion, and 70 per cent of metaplastic samples were 
moderately positive”. 


Bel2 gene 

The Ba2 gene at 18q21 inhibits apoptosis and is normally 
expressed in proliferative zones, such as the basal zone of the 
epithelrom. In normal oesophageal epithelia, weak Bcl2 
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expression is present in the basal zone, but much stronger 
expression of the oncoprotein was found in 72 per cent of 
cases of metaplasia, 76-100 per centof LGDs, 0-25 per cent 
of HGDs and 0-20 per cent of adenocarcinomas’? >, 
These data correlate with the observation that apoptotic 
sequence'’*, Bel2 overexpression can therefore account 
for reduced apoptosis in metaplasia and LGD. 


Fas and Fas ligand 

Fas ligand is produced by activated T cells and binds to Fas, 
a cell surface receptor, activating an apoptotic pathway. Fas 
ligand overexpression has been noted in metaplasia and 1s 
present more frequently in dysplasia ™®®. In addition, the Fas 
membrane protein is also overexpressed in dysplasia'°’. A 
related receptor, decoy receptor 3, which sequesters Fas 


ligand, is also amplified in oesophageal tumours'””. 


Miscellaneous genes 


Inducible nitric oxide synthase gene 

The inducible nitric oxide synthase (NOS) enzyme'”” has 
been implicated as a contributory factor in the progression 
of metaplasia to adenocarcinoma. Nitric oxide is a potent 
reactive oxygen species, which is capable of inducing 
mutations in DNA? ®. When mRNA expression levels of 
‘OS were examined, 76 per cent of patients with 
metaplasia had increased levels, as did 80 per cent of those 


: er | 
with adenocarcinoma! |, 





i. 


Cyclo~axygenase 2 gene 

Enhanced cyclo-oxygenase (COX) 2 gene expression causes 
increased Bel2 protein levels, inflammation, inhibition of 
immune surveillance and promotion of angiogenesis, thus 


P shes ihn, EE PIS hs | 
driving tumorigenesis’ 1t In the context of reflux- 


Table 1 Chromosomal region abnormalities in progression of Barretts metaplasia 










Gain Loss. Poe), oe ~ Loss 
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59, 18q, 18q 





Earliest events are shown at the top, latest events at the bottom. M-D-A, metaplasia~dysplasia~adenocarcinoma; LOH, loss of heterozygosity; CGH, 
comparative genomic hybridization, (FISH, (luorescence) va situ hybridization; LGD, low-grade dysplasia, HGD, high-grade dysplasia 
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induced Barretts metaplasia, COX-2 expression is induced 
by bile acid in vivo? and ex vivo. Additionally, the 
COX-2 gene has been implicated in the M-D-A sequence 
because of its enhanced expression in metaplastic tis- 
suet! bH, COX-2 inhibitors may therefore represent 
promising tools in the clinical treatment of patients with 


Barrett’s oesopha gus! ve 


Chromosomal regions implicated in Barrett’s 
metaplasia 


There are large inconsistencies in the literature relating to 
key chromosomal events driving the progression of 
Barrett’s metaplasia to cancer. The causes of this confusion 
may stem from either the variety of different cytogenetic 
techniques used or interlaboratory variation’. In addition, 
flow-sorting the cells of Barrett’s tissues produces an 
enriched subpopulation of tumour cells in which genetic 
alterations may be detected more readily”. This enrich- 
ment procedure is not performed in all cytogenetic studies 
and so may represent one source of variation. This review 
has aimed to overcome any variations in the literature by 
highlighting chromosomal changes that are consistently 
implicated in separate studies of the progression of Barrett’s 
metaplasia (Table 1). One approach to determining the 
genetic steps involved in such progression is to identify the 
genetic alterations present in cultured Barrett's tumour 
cells. Cell lines derived from oesophageal adenocarcinomas 
have been karyotyped for common cytogenetic events. 
These studies detected aneuploidy in the cell lines as well as 
highlighting 9p (p16 gene), 5q (APC and MCC genes) and 
17p (p53 gene) as important genetic alterations in disease 
progression”. 

Aneuploidy (abnormal chromosome numbers) has been 
strongly implicated in disease progression’*° and predicts 
adenocarcinoma development’ ”’'*’. In turn, aneuploidy is 
preceded by the presence of increased tetraploid cells that 
can predict aneuploidy development’. These cells accu- 
mulate in the proliferating epithelium after the GI 
checkpoint has been lost. Aneuploidy has been detected in 
adenocarcinoma, dysplastic tissue and metaplastic Barrett’s 
epithelia'*", with some metaplastic epithelia containing 
several overlapping aneuploid cell populations’ >t”. 

The chromosomal regions most commonly lost in the 
early stages of the M-D-A progression are 5q (APC), 9p 
(p16), 13q (Rb), 17p (p53) and 18q (DCC 7. From 
Table 1 it is possible to see that these early changes are also 
evident in dysplasia and adenocarcinoma, along with a host 
of late-stage rearrangements that may include ‘passenger’ 
alterations. Not all chromosomal loci implicated in disease 
progression can be linked to known cancer genes (e.g. 
4g? 17p1 P4, 1892374 and 17q'??'*!). Putative 
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Table 2 Location and function of key cancer-related genes 
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CDEN, cyclin dependent kinase inhibitor 
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genes on these chromosomal loci can be found in Table 2. As 
seen in Table 1, the studies performed on adenocarcinomas 
show a huge variety of chromosomes and chromosomal 
regions that are either amplified or deleted. As noted above, 
these probably represent some of the passenger changes 
arising in tumour cells as a consequence of reduced fidelity. 

Chromosomal events linked with the metastatic stage 
include losses of 2q and gains of 3q, 7p, 17q and 22g, 
although these events were present against a background of 
genetic heterogeneity'*’. Finally, predisposition to 
Barrett's metaplasia, or more specifically to severe familial 
gastro-oesophageal reflux disease, has recently been 
mapped to chromosome 13q'**. Hence this genetic location 
may contain a predisposing factor for patients progressing 
to metaplasia. 


Discussion 


Barrett’s metaplasia represents an important premalignant 
condition affecting up to 3 per cent of the UK population. 
The fact that only 5-10 per cent of those with reflux acquire 
Barrett's metaplasia suggests the existence of host—environ- 
ment factors which, if identified, may aid in the clinical 
management of reflux. Genetic studies identifying diag- 
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nostic and prognostic markers associated with the M-D-A 
sequence are in progress. These markers may subsequently 
be employed to identify the subset of patients at highest risk 
of developing adenocarcinoma. It is unlikely that a single 
genetic marker will be sufficient, as there appears to be no 
simple evolution of genetic alterations in disease progres- 
sion; indeed, there appears to be a random accumulation of 
genetic changes in proliferating Barrett’s epithelia??? t", 
resulting in divergent clones that progress to tumour 
development. Fig. 4 shows the current state of knowledge 
with respect to the key genetic changes implicated with each 
stage of disease progression; the complex nature of the 
changes may reflect the simultaneous disruption of several 
of the genetic pathways regulating cell proliferation. This 
genetic heterogeneity may ultimately be responsible for the 
poor responses of these tumours to therapy. 

The early genetic events accompanying progression of 
Barrett’s metaplasia are loss of the p16 gene, loss of the p53 
gene, cyclin D1 overexpression and losses of the APC, Rb 
and DCC loci. Hence these genetic alterations may be 
suitable as markers of disease progression. Aneuploidy is 
another genetic alteration that is often noted at an early 
stage of disease progression and it may prove a useful 
marker of such progression. Indeed, the detection of 


Cyclin D1 amplification 

p53 mutation 

APC hypermethylation 

Bci2 overexpression 

INOS, COX-2 overexpression 
SRC overexpression 


p16 hypermethylation 
K-ras mutation 
p27 cytoplasmic sequestration 


Molecular events 


Amplification of 

c-erbB2, EGFR, mdm2 

Cadherin underexpression 

Catenin phosphorylation/nuclear translocation 


Fig. 4 Genetic events that contribute to the progression of Barrett's metaplasia to adenocarcinoma. The known molecular events (right 
side) and chromosomal events (left side) that accompany the histological stages of Barrett’s progression are shown. APC, adenomatous 
polyposis coli gene; Rb, retinoblastoma gene; DCC, deleted in colonic cancer gene; Bel2, B-cell leukaemia gene; INOS, inducible nitric 
oxide synthase; COX-2, cyclo-oxygenase gene; SRC, tyrosine kinase of Rous sarcoma virus; c-erbB2, same as Her-2 — human epidermal 
growth factor receptor; EGFR, epidermal growth factor receptor; md2, murine double minute 2 
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aneuploidy by flow cytometry has been advocated as a 
practical method for selecting high-risk patients for close 
surveillance’®, It has been suggested that aneuploidy 
represents a driving force behind progression of Barrett’s 
metaplasia’, allowing the general genomic instability to 
occur that subsequently produces diverse cell subpopula- 
tions from which tumours select appropriate clones. In this 
model, the earliest, and perhaps the most important, genetic 
events are those that allow aneuploidy to arise (e.g. defects 
in chromosome segregation). 

Many studies have identified genetic alterations in 
Barrett’s oesophagus, but most have had very small sample 
sizes’'. Larger studies are needed to validate postulated 
diagnostic markers. These large studies should also 
decrease interstudy variation, increase the statistical 
power of the analysis and prevent spurious findings biasing 
the collectrve data*. In the search for genetic markers of 
cancer progression, analysis of the earliest changes should 
be given the highest priority, as these changes will be free of 
‘passenger alterations. 
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Background: An increased plasma level of homocysteine has been proposed as an independent risk 
factor for atherosclerosis; this review examines the evidence. 

Methods: A Medline search was undertaken for English language articles on homocysteine and vascular 
disease. Further papers were identified by cross-referencing from the reference lists of relevant major 
articles. 

Results: Although much interest has been generated about homocysteine and atherosclerotic disease, 
contradictory data exist regarding its role in disease progression. There is insufficient current evidence 
to regard increased homocysteine level as a causative factor in atherosclerotic disease. 

Conclusion: It is not known whether lowering plasma homocysteine concentration will reduce 
cardiovascular risk in the long term. Until such data become available, there is no evidence for the 


widespread use of folic acid therapy to reduce cardiovascular disease risk. 
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introduction 


A raised homocysteine concentration has been proposed as 
a risk factor for cardiovascular disease’. Such an increase is 
more prevalent in patients with coronary artery disease*”, 
cerebrovascular disease’, peripheral vascular disease and 
thrombosis’ than in normal subjects. Indeed, a raised 
homocysteine concentration is described as a strong 
predictor of death in patients with angiographically 
confirmed coronary artery disease’, and those with sympto- 
matic arterial occlusive disease of the lower limb and 
increased plasma levels of homocysteine seem to experience 
a more rapid progression of the disease”. A raised level of 
homocysteine has been estimated to be a greater risk factor 
(20-40-fold) than an increased level of cholesterol (1-3- 
told), high blood pressure (8-18-fold) or cigarette smoking 
(3.5-fold)'. 

Despite this, conflicting recent evidence has emerged 
about the role of homocysteine in disease progression. One 
comparison of atherosclerotic risk factors found no 
significant difference in homocysteine levels between 
controls and diseased patients’. Initially an increased risk 
ratio for myocardial infarction was detected in relation to 
increased levels but, when confounding variables were 
accounted for, this was no longer significant!®. It is not 
clear, therefore, whether there is sufficient evidence to 
regard an increase in plasma homocysteine concentration as 
a causative factor in atherosclerotic disease. It is also unclear 
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whether dietary supplementation with folic acid would 
modify the disease process. This paper reviews the evidence 
for the clinical relevance of increased levels of homocysteine 
in the pathogenesis of atherosclerosis. 


Biochemistry of homocysteine 


Initially the association between homocysteine concentra- 
tion and cardiovascular disease came from observations of 
children with homocystinuria'', an autosomal recessive 
inborn error of metabelism resulting from a deficiency in 
one of three different enzymes. Homocystinuria results 
most commonly from a deficiency in cystathionine 
B-synthase (CBS). Individuals homozygous for the condi- 
tion are unable to convert homocysteine to cystathionine, 
leading to high levels in the circulation and the resultant 
excretion of homocysteine in the urine. Homozygosity for 
methylenetetrahydrofo.ate reductase (MTHFR) and, 
rarely, methyltransferzse deficiency also result in the 
clinical syndrome of homocystinuria, with skeletal and 
ocular defects and premature vascular events. 

Under normal conditions, homocysteine concentration 
is maintained within a narrow range by the enzymes CBS 
and M'THFR, and is removed from the body by remethyla- 
tion to methionine, or frazs-sulphuration to products that 
are cleared in the urine, Remethylation occurs by the action 
of the enzyme MTHER with folate as a co-substrate, and by 
methionine synthase with vitamin B,» as a co-factor. Trans- 
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Fig. 1 Metabolism of homocysteine. CBS, cystathionine B-synthase; MS, methionine synthase; MTHFR, methyltetrahydrofolate 


reductase; GNMT, glycine N-methyltransferase 


sulphuration requires CBS, which uses vitamin Bg as a co- 
factor (Fig. I). 

Normal levels of fasting plasma homocysteine are 
considered to be between 5 and 15 pmol/l. Moderate, 
intermediate and severe increases in the concentration of 
homocysteime refer to levels of 16-30, 31-100 and more 
than 100 pmol/l respectively’*, Moderate increases in 
homocysteine level may result from a combination of 
genetic and dietary factors. A thermolabile variant of 
MTHER with decreased basal activity has recently been 
found in both normal subjects (5 per cent) and patients with 
vascular disease (17 per cent)'?. The common thermolabile 
MTHER variant results from a cytidine to thymidine point 
mutation at nucleotide 667, which significantly reduces the 
basal activity of the enzyme’*. There has been much debate 
in the recent literature with regard to the significance of the 
common C6671 mutation of MTHFR and its role in 
mild hyperhomocysteinaemia’*'*. A meta-analysis by 
Brattstrom’’ of 14 studies of this specific mutation 
demonstrated no difference in frequency of expression of 
the mutant allele between controls and patients. 
Importantly, no increase in cardiovascular risk could be 
identified, but the power of this study was low. 

High homocysteine levels can occur as a result of dietary 
vitamin deficiency without an inborn error of metabolism. 
Dietary deficiencies in vitamin Bız and folic acid produce 
mulder increases in plasma homocysteine concentration 
than that found in homocystinuria, and dietary intake and 
plasma levels of these vitamins are inversely related to levels 
of plasma homocysteine. Homocysteine levels begin to rise 
at plasma levels of folate and vitamin B,, (and vitamin Bg) 
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that are regarded as within the low normal range**”?. Folic 
acid and vitamin Bız protect against the build-up of 
homocysteine in the blood by conversion to methionine. 
Vitamin Bg also prevents the accumulation of homocysteine 
by converting it to cysteine and other compounds excreted 


in urine. 


Experimental evidence for the role of 
homocysteine In vascular disease 


Evidence suggests that an increase in homocysteine 
concentration may induce atherosclerosis by a combination 
of endothelial unjury’*, smooth muscle proliferation’*”?, 
platelet activation and thrombogenesis°*°?’. Endothelial 
dysfunction may arise from a disturbance in the oxidative 
metabolism of homocysteine”®. Its oxidation stimulates the 
production of reactive oxygen species, such as superoxide 
anion, hydrogen perc: and hydroxyl radical, that exert 
potent oxidative ad 

At physiological E homocysteine interacts 
with nitric omde to produce S-nitrosohomocysteine, which 
amplifies the vasoprotective effects of mtric oxide. Stamler 
etal?! observed that normal endothelial cells detoxify 
homocysteine by releasing nitric oxide, which in turn 
leads to the formation of S-nitrosohomocysteine. This 
chain of reactions decreases the production of hydrogen 
peroxide following omdation of sulphydryl groups and 
represents a protective mechanism against the adverse 
effects of homocysteine, but prolonged exposure and high 
homocysteine concentrations result in impaired nitric oxide 
production. Thus, chronically raised homocysteine levels 
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appear to result in a self-perpetuating cycle that progres- 
sively overwhelms the capacity of the endothelial cells to 
reduce the toxicity of homocysteine’. The results of these 
in vitro studies imply that homocysteine at high concentra- 
tion may produce many of the pathological processes 
associated with atherosclerosis. The homocysteine concen- 
trations used in many of these experiments, however, were 
in the pharmacological range and not relevant to the levels 
encountered in clinical practice. The results of these studies 
must, therefore, be interpreted with caution. 

Endothelial damage may have an adverse effect on flow- 
mediated dilatation of large arteries, an endothelium- 
dependent mechanism believed to be an early indicator of 
the atherosclerotic process. Woo etal”? demonstrated an 
impairment of brachial artery endothelium-dependent 
dilatation in patients with raised homocysteine levels 
(mean(s.d.) 34-8(8-5) umol/l). Although there were only 
14 participants in the study, endothelial dysfunction was 
demonstrated 7 vivo at clinically relevant concentrations. 

Vascular smooth muscle proliferation with subsequent 
formation of extracellular matrix collagen is an integral 
component of atherosclerosis. Homocysteine increases 
DNA synthesis with subsequent smooth muscle prolifera- 
tion” in a dose-dependent manner at plasma concentra- 
tions ranging from 25 to 500 umol/I*°. 

The vascular endothelium maintains a non-thrombo- 
genic surface by the antithrombin IH and thrombomodu- 
lin~protein C anticoagulant pathways. Following treatment 
with homocysteine, endothelial cells have been shown to 
exhibit enhanced factor V activity (a procoagulant factory’ 
and reduced production of protein C7. The concentrations 
used (up to | mmol/l) were again dissimilar to those found 
in the clinical setting, but even moderate increases in plasma 
homocysteine level have been shown to be a risk factor for 
deep vein thrombosis’. 

Leucocyte adhesion to endothelium is an important part 
of the inflammatory process of atherogenesis. The accu- 
mulation of leucocytes in inflamed tissues results from 
adhesive interactions with endothelial cells in the micro- 
circulation’, Pruefer etal.” demonstrated increased adhe- 
sion and trans-endothelial migration of leucocytes when the 
mesentery of rats was perfused with plasma concentrations 
of homocysteine ranging from 1 to 5 mmol/l. Immuno- 
histochemical staining demonstrated significantly 
increased P-selectin and intercellular adhesion molecule 
(ICAM) I expression on the intestinal venules after 
homocysteine perfusion’*. This finding was not, however, 
supported by work from Dudman and Hale**, who found no 
increase in ICAM-1 expression on the endothelium 
following treatment with homocysteine. The possibility 
that homocysteine acts indirectly by activating leucocytes, 
which in turn interact with and induce pathological changes 
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in the vascular endothelium, was then investigated, and 
endothelial~leucocyte interaction was seen to be mediated 
by the neutrophil-docking protein complex CD11b- 
CD18”. 

Notwithstanding the impressive list of atherosclerotic 
effects of homocysteine, its biological relevance remains 
questionable. The effects described above occur only at 
concentrations of homocysteine in the pharmacological 
range. It is unclear how lower concentrations might be 
associated with an increased risk of atherosclerotic disease. 
Neutrophils, when treated with clinically relevant concen- 
trations of homocysteine, demonstrate no upregulation of 
adhesion marker expression’. This questions the role of 
neutrophils in homocysteine-mediated injury. 


Clinical evidence for the role of homocysteine in 
vascular disease 


Although considerable 77 vitro evidence exists to support a 
link between raised homocysteine concentration and 
atherosclerosis, clinical studies have produced mixed 
results. Several prospective analyses of homocysteine and 
cardiovascular disease have been reported? ?*. Verhoef 
etal.” observed virtually no association between plasma 
homocysteine level and risk of angina pectoris with 
subsequent coronary artery bypass surgery. Folsom et ai." 
found that fasting total homocysteine concentration was 
associated positively and relatively strongly at high levels 
with the age-, race- and centre-adjusted incidence of 
coronary heart disease in women, but not in men. 
However, adjustment for other risk factors abolished the 
association, suggesting that total homocysteine concentra- 
tion was not indepencently associated with coronary heart 
disease. In the Physicians’ Health Study, with a 5-year 
follow-up, plasma homocysteine levels above the 95th 
percentile of the control distribution were associated with a 
3.4-fold increased risk of myocardial infarction’; however, 
the relative risk was 1-7 with 7.5 years of follow-up and this 
was no longer statistically significant. Failure to show an 
association may be explained by a variation in homocysteine 
levels within subjects over time, which may have attenuated 
the effect. The results, however, question the role of 
homocysteine in atherosclerotic disease. Perhaps homo- 
cysteine is not causative, but merely a marker for 
cardiovascular disease. 

Graded associations are described between plasma 
homocysteine concentration and carotid artery intimal- 
medial wall thickening’! and the prevalence of carotid 
artery stenosis. In a sample of patients drawn from the 
Physicians’ Health Study, Verhoef and co-workers*’ 
studied 109 patients who developed an ischaemic stroke 
over a 5-year period. They observed no association between 
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increased plasma homocysteine level and the msk of 
ischaemic stroke. A prospective study of homocysteine 
and atherosclerotic disease in middle-aged men and women 
in Finland showed no association with myocardial infarc- 
tion or stroke**. Highlighting the conflicting evidence, a 
strong independent association between homocysteine 
level and stroke was observed in a sample of middle-aged 
British men, albeit in a retrospective study, by Perry et al.”, 
consistent with the hypothesis of a causal link between 
raised homocysteine concentration and stroke. After 
adjustment for confounding variables, Taylor etal“ 
reported an increase of 1 pmol/l ın the plasma homo- 
cysteine concentration to be associated with a 5-6 per cent 
increased likelihood of death from vascular disease. In their 
retrospective study, although a similar age of onset of 
symptoms was noted in patients with raised and normal 
homocysteine levels, a significant progression in lower-limb 
occlusive disease and coronary artery disease was found in 
those with raised levels. No such association was noted for 
cerebrovascular disease®. This work was followed by a 
prospective study of 351 patients with symptomatic 
peripheral arterial disease. No statistically significant 
relationship between decreasing ankle : brachial pressure 
index and increasing carotid stenosis was found in patients 
with increased homocysteine levels, despite a mean follow- 
up of 37 months®. 


Diet and hyperhomocysteinaemla 


As noted above, genetic factors alone do not always account 
for raised levels of homocysteine. Other conditions that 
may be associated with high levels are advanced age*’, 
hypothyroidism*, impaired renal function®’, systemic 
lupus erythematosus”? and certain , such as theophyl- 
line*’, methotrexate’? and L-dopa”. The relationship 
between diet and homocysteine levels has been well 
documented>**”. Folic acid and vitamin B, levels, through 
their involvement with the remethylation of homocysteine 
to methionine, relate inversely to homocysteine concentra- 
tion in plasma. Evidence is accumulating that low levels of 
folate in the blood are associated with cardiovascular 
disease®°’. A study of elderly Framingham Heart Study 
participants showed that deficiencies of folate, vitamin Be 
and vitamin Bız intake, and in their plasma levels, were 
common in that population and were associated with 
increased plasma homocysteine levels*®. These increases 
could be treated successfully, at least in the short term, with 
vitamin supplementation’. The use of a combination of all 
three vitamins did not appear to reduce the homocysteine 
level to a significantly greater degree than folic acid 
alone. Although the addition of vitamin By, to the 
diet may not significantly reduce the homocysteine level, 
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1 mg per day of oral vitamin B,2 in addition to folic acid may 
avoid the theoretical risk of neuropathy due to unopposed 
folic acid therapy in patients deficient in vitamin B,2, even in 
those with intrinsic factor deficiency or malabsorption 
states”, 

The most effective means of improving vitamin intake 
was investigated by Riddell etal.. Their data provided 
strong evidence that folic acid fortificanon of breakfast 
cereals and the use of folic acd supplements were the most 
effective means of reducing total homocysteine concentra- 
tion. The US Food and Drug Administration guidelines on 
folic acid fortification of grain in 1996, although issued to 
reduce the nsk of neural tube defects, also served to improve 
folate status and reduce the incidence of increased homo- 
cysteine concentration. The fortification consists of adding 
140 ug folate per 100 g grain and, following its introduc- 
tion, in those who did not use vitamin supplements the 
prevalence of low folate concentration decreased by 92 per 
cent, and the prevalence of high homocysteine concentra- 
tion decreased by 48 per cent™. Work by Rimm etal.” 
supported these findings, but found that the policy of grain 
fortification at this level would increase the average intake 
by only 100 ug folate per day. The lowest risk of coronary 
heart disease among women 1s associated with an intake of 
folate above 400 ug/day. 

Evidence that lowering homocysteine concentration with 
vitamin supplementation favourably affects the evolution of 
atherosclerosis is limited. In an observational study of 38 
patients with plasma homocysteine levels above 14 umol/l, 
high doses of folic acid (2-5 and 5 mg/day) together with 
vitamins Bg and B,2 resulted in a reduced rate of progression 
of carotid plaque (determined by ultrasonography) com- 
pared with pretreatment values, after a mean follow-up of 
4 years™, There are no data, however, to suggest that a 
similar effect on other peripheral arterial diseases will occur 
with folic acid supplementation. Owing to the lack of 
prospective evidence that folate supplementation will 
modulate the atherosclerotic process, estimation by 
Boushey eral.’ that the addition of folic acid to the food 
supply will prevent as many as 50 000 coronary artery- 
related deaths annually is questionable. 

The role of folate in lowering cardiovascular risk is not 
limited to reducing plasma homocysteine level. Folic acid 
supplementation has been shown to improve endothelial 
function in patients with hypercholesterolaemia® and in 
cigarette smokers, independent of its effect on homo- 
cysteine concentration. This improvement in endothelial 
function is likely to result from a variety of mechanisms. 
Folic acid may increase nitric oxide formation by stimulat- 
ing the recycling of tetrahydrobiopterin, an essential co- 
factor of endothelial nitric oxide synthase”’. Alternatively, 
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folates may reduce the degradation of nitric oxide by 
reducing superoxide production by nitric oxide synthase’ |. 

Increased homocysteine concentration may be a marker 
of poor diet, a known risk factor in atherosclerosis. As 
noted above, diets deficient in folate are frequently 
associated with raised homocysteine concentration’®. 
Emerging evidence also suggests an important role for 
dietary nutrients other than folic acid in modulating the 
atherosclerotic process, in particular the n-3 fatty acids and 
antioxidant vitamins”. 


Conclusion 


Although a raised plasma level of homocysteine has been 
postulated as an independent risk factor for atherosclerotic 
disease, evidence from experimental and clinical studies is 
contradictory. Moreover, despite the possibility of reducing 
homocysteine concentration by an increased intake of folic 
acid, it is not known whether a reduction of plasma 
homocysteine concentration by diet or vitamin therapy 
will reduce cardiovascular risk in the long term. It must also 
be considered that any benetit from folic acid supplementa- 
tion may stem from the direct protectant effect of folate on 
the vasculature, independent of any homocysteine-lower- 
ing effect. Regardless of its mechanism of action, folate 
therapy warrants further study. 

Selected patients with a personal or family history of 
premature arterial disease, and those with renal failure or 
who are taking certain drugs, may be wise to increase their 
intake of vitamins through the consumption of fortified 
foods or vitamin supplements. However, such treatment 
remains experimental pending the results of prospective 
trials on homocysteine reduction and the evolution of 
arterial occlusive disease. Until these data become available, 
there is little evidence for the widespread use of folic acid in 
an attempt to reduce the risk of atherosclerotic disease. 
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Backgrounds It is widely accepted that the adenoma-—carcinoma sequence represents the process by 
which most, if not all, colorectal cancers arise. The evidence supporting this hypothesis has increased 
rapidly in recent years and the purpose of this article is to review this evidence critically and highlight its 
Methode: Medline searches were used to identify recent key articles relating to the adenoma—carcinoma 
sequence. Further pertinent articles were obtained by manual scanning of the reference lists of 
identified papers. 

Reeutte: The evidence supporting the adenoma-—carcnoma sequence can be classified as 
epidemiological, clinicopathological and genetic. The most recent and largest body of data relates to 
molecular genetic events and their cellular effects; however, many other approaches, such as 
cytogenetics, molecular cytogenetics and cytometry, have also yielded valuable information. 
Conclusiom Recent work continues to support the adenoma—carcinoma sequence, but there is a paucity 
of data on the interrelationship between different genetic mutations and on the relationship between 
molecular and other types of genetic abnormalities. The clinical utility of the observations described has 
yet to be fully realized and global genetic analysis of colorectal tumours may prove to be central in 


rational adenoma management. 
Paper accepted 4 March 2002 Brush Journal of Surgery 2002, 89, 845-860 
Introduction The appropriate management of individuals with pre- 


Colorectal cancer is the second leading cause of cancer- 
related death in the Western world; in the UK there are 
currently around 30 000 new cases per annum and 17 000 
related deaths’. In recent years our understanding of the 
cellular and molecular events underlying the development 
of colorectal cancer has improved immeasurably but, 
despite this and advances in surgery, radiotherapy and 
chemotherapy, the average 5-year survival rate remains 
around 40 per cent’. 

One of the most important fundamental concepts in 
colorectal cancer to emerge in recent years has been the 
adenoma-—carcinoma sequence, a term that describes the 
stepwise progression from normal to dysplastic epithelium 
to carcinoma associated with the accumulation of muluple 
clonally selected genetic alterations. This concept not only 
provides an excellent model to study the genesis of invasrve 
cancer, but also affords a means of preventing colorectal 
cancer by endoscopic removal of precursor lesions. 
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cursor adenomatous polyps (adenomas) is of the utmost 
importance. It is known that after removal of such polyps 
30-35 per cent of patients will have further adenomas 
detected at 3—4 years’ * and this has led to a policy of 
endoscopic surveillance for all adenoma-bearers’. 
However, given that approximately 40 per cent of the 
Western population will develop adenomas®* and only 3 
per cent will go on to suffer from colorectal cancer, it is clear 
that only a small proportion of adenomas progress to 
malignancy. Unfortunately, there are no reliable criteria 
available that can predict adenoma progression or recur- 
rence, and the important questions of which individuals 
require follow-up, how they should be followed and for how 
long remain largely unanswered. 

Although the adenoma—carcinoma sequence has not been 
proven directly, there is considerable indirect evidence to 
support it from a range of epidemiological, clinical, 
histopathological and genetic studies. The purpose of this 
article is to review the current knowledge relating to the 
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sequence in order to address potential ways forward in the 
management of colorectal neoplasia, with particular 
emphasis on possible novel genetic markers of disease 
progression. 


Epidemiological and clinicopathogical evidence 


Age distribution curves for adenomas and carcinomas show 
that the prevalence of both increases with increasing age, 
but adenomas are recognized and their prevalence peaks at 
least 5 years earlier than that of colorectal cancers’. 
Furthermore, the varying prevalence of adenomas in 
different geographical regions correlates with the colorectal 
cancer incidence in those regions'’. Studies performed 
before the era of colonoscopic polypectomy examined the 
progression of polyps left zn situ over variable periods of 
time; both polyp growth and regression, and colorectal 
carcinoma arising at the site of the index polyp, were 
observed!!! 
opta studies have demonstrated foci of 
malignancy within colorectal adenomas in 0-2-8-3 per 
cent of cases 7", Conversely, remnants of adenomatous 
tissue contiguous with invasive cancer have been identified 
in 14-23 per cent of all colorectal cancers”'”. Furthermore, 
the presence of benign tumour adjacent to cancer has been 
shown to correlate inversely with the extent of spread of the 
malignant tumour. Adenomatous remnants have been 
found 57-60 per cent of cancers limited to the 
submucosal layer, compared with only 7-17 per cent of 
cancers with extramural spread'”*°, suggesting that as 
cancers invade through the bowel wall they also expand on 
the mucosal surface, replacing existing benign tumour. In 
surgical resection specimens and during endoscopic exam- 
inations adenomas are found to coexist with cancer in 
approximately 30 per cent of cases"'**, and patients who 
have colorectal cancer and simultaneous adenomas have 
been shown to be at increased risk of synchronous and 


we 


metachronous cancer compared to those without coexisting 
adenomas*~. Similarly, adenomas are encountered more 
frequently in patients with synchronous primary cancers 
than in those with a single primary cancer’’. 

In clinical studies, the anatomical distribution of 
adenomas and cancers is similar, both occurring more 
frequently distal to the splenic flexure!" !®'*??7*. adeno- 
mas of the left colon more often contain severe dysplasia or 
invasive adenocarcinoma'®!***_ Finally, from a practical 
viewpoint, endoscopic removal of adenomatous polyps 
appears to reduce the long-term risk of colorectal 
cancer’’°". Of particular importance are the 18-year 
follow-up results of a large randomized controlled trial, 
which show that annual or biennial faecal occult blood 
testing significantly reduces the incidence of colorectal 
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cancer’. The most plausible explanation of these findings is 
that identification and removal of adenomatous polyps 
following large bowel investigations led to the reduction in 
colorectal cancer incidence. 


Genetic evidence 


‘The concept of cancer arising from ‘genetic abnormalities’ 
has existed for many years. The first actual demonstration of 
such an abnormality was the discovery of the Philadelphia 
chromosome in chronic myeloid leukaemia in 1960°!. This 
small karyotypic marker originates from a translocation 
between chromosome 22 and chromosome 9, ie. 
t(9;22Xq34;q11)7. Cytogenetic recognition of this 
abnormality jasa since led to the identification of the 
underlying molecular pathology, a fusion gene that brings 
the abi oncogene under the regulatory influence of the 
oncogene ber. The Philadelphia chromosome exemplifies 
how analysis of the genetic changes in a tumour cell can be 
pertormed at several different levels. In colorectal cancer, 
genetic changes have been studied most commonly at the 
gene or primary DNA structure level, using molecular 
techniques, but investigations have also been carried out at 
the cytogenetic level by microscopic examination of 
metaphase chromosomes, and at the cellular level by 
cytological or flow cytometric assessment of total nuclear 
DNA content. 

Another important approach for identifying cancer- 
related genetic changes is the recognition of genes that are 
differentially expressed in normal and tumour tissue. With 
DNA (cDNA) micro- 
arrays this is now feasible and has recently been applied to 
colorectal cancer. 


the development of complementary I 


Molecular genetic evidence 


‘The genes of interest that are involved in genetic alterations 
may be classified into three types: oncogenes, tumour 
suppressor genes and DNA repair genes”. Under normal 
conditions, oncogenes stimulate appropriate cell growth, 
but mutation or overexpression of oncogenes results in ‘gain 
of function’ and causes cells to continue to grow in the 
absence of growth signals. Tumour suppressor genes 
normally inhibit progress through the cell cycle or promote 
programmed cell death (apoptosis), but when their expres- 
sion is absent, as a result of mutation or actual allelic loss. 
there is loss of normal inhibitory control. Finally, DNA 
repair genes are invoived in controlling the rate of mutation 
of other genes. When mutated, repair genes are unable to 
repair errors and so mutations in oncogenes and tumour 
suppressor genes accumulate at an accelerated rate. 
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An alternative class of indirectly acting cancer suscept- 
ibility genes has been proposed by the ‘landscaper’ 
hypothesis**. In this model, based on studies of juvenile 
polyposis syndrome (JPS), it is suggested that the primary 
oncogenic effect of the mutation is on stromal cells, 
resulting ın an altered stromal environment that increases 
the cancer susceptibility in overlying epithelial cells. Recent 
work on JPS? has, however, questioned this hypothesis*®. 

In 1990 Fearon and Vogelstein?” proposed a genetic 
model for colorectal tumorigenesis. This model postulated 
that mutational activation of oncogenes, coupled with 
mutational inactivation of tumour suppressor genes, leads 
to the development of colorectal tumours. Although these 
alterations often occur in a sequence that parallels the 
clinical progression of the tumour’’”®, it was the total 
accumulation of changes rather than their order that was 
suggested to be important. The key oncogene in this model 
was ras, and the key tumour suppressor genes were proposed 
to reside on chromosomes 5q, 17p and 18g. Other somatic 
alterations, such as loss of DNA methyl groups and 
overexpression of certain proteins, were also thought to 
be involved. In the past decade a multitude of studies has 
generated extensive data regarding the function and 
interactions of these key genes, providing support for, and 
clarification of, this model. However, evidence is now 
emerging that an alternative pathway exists in a subset of 
colorectal tumours that less frequently involves the afore- 
mentioned genes and often involves mismatch repair 
genes’. Current molecular genetic knowledge relating to 
the adenoma—carcinoma sequence will be reviewed in the 
following sections, with an emphasis on the frequency with 
which each alteration occurs at different stages of the 
adenoma~—carcinoma sequence. 


APC 

One mutation known to occur early in the adenoma- 
carcinoma sequence affects the adenomatous polyposis coli 
(APC) tumour suppressor gene located on chromosome 
5q21**', Germline mutations of this gene are responsible 
for familial adenomatous polyposis (FAP), an autosomal 
dominant disorder characterized by the development of 
hundreds to thousands of colorectal adenomas appearing in 
adolescence or early adulthood. If untreated, FAP inevitably 
leads to colorectal cancer, usually by the third or fourth 
decade of life**. The product of the APC gene is a large 312- 
kDa protein composed of 2843 amino acids. It is a 
multfunctional protein with several domains that is 
known to interact with a number of other proteins, 
including B-catenin, glycogen synthase kinase (GSK) 38, 
end binding protein (EB) 1, human homologue of the 
Drosophila discs tumour suppressor protein (hDLG) 
and Bub kinases****. One function important to colorectal 
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tumorigenesis 1s the ability of APC to regulate intracellular 
B-catenin levels“. Non-mutated (wild-type) APC protein 
forms a complex with B-catenin and GSK-3B*’, which leads 
to an enhanced rate of B-catenin degradation*” by the 
ubiquitin-proteasome pathway“®. Mutated APC proteins 
lack this ability and intracellular B-catenin accumulates*’. 
The importance of B-catenin relates to its ability to bind to 
the T-cell factor (TCF) family of transcription factors and 
activate gene transcription’. Increased B-catenin-TCF- 
mediated transcription has been demonstrated in tumours 
with APC mutations and in tumours with -catenin 
mutations’”°’, Recently, c-msyc, a gene known to have 
powerful oncogenic functions’*”?, has been identified as a 
target gene of this increased transcriptional activity”. 
Another function of the APC protein that has been 
largely neglected but may be important in colorectal 
tumorigenesis is its association with microtubules and its 
role in chromosome segregation. Wild-type but not mutant 
forms of APC protein have been shown to bind to, and 
promote the assembly of, microtubules**”*®. Another 
protein, EB-1, originally identified by its physical associa- 
tion with the C-terminal of APC protein’, is also known to 
localize to cytoplasmic and spindle microtubules; it has 
been suggested that EB-1 may play a role in connecting 
APC to microtubules”. Furthermore, two recent studies 
have demonstrated that APC, during mitosis, accumulates 
at the ends of microtubules embedded in kinetochores, and 
that mutant cells lacking the microtubule-binding domain 
of APC display defective chromosomal segregation and 
chromosomal instability**”®. This evidence suggests that 
wild-type APC protein plays a role in stabilizing the ends of 
kinetochore microtubules and assists in their attachment to 
chromosomes. Finally, when localized to kinetochore 
microtubules, APC complexes with the mitotic checkpoint 
proteins Bub-1 and Bub-3**. Although the function of this 
interaction remains undetermined, it is interesting that 
mutational inactivation of Bub-1 has been associated with 
chromosomal instability in colorectal cancer cell lines’? 
APC mutations or allelic losses of 5q are observed in 40- 
80 per cent of colorectal cancers?’ and are found at a 
similar frequency in adenomas’*-°?, Interestingly, 
although APC mutations occur at a similar frequency at 
all stages of colorectal tumour progression, allelic loss or 
loss of heterozygosity (LOH) has been shown to increase in 
frequency from early adenomas through to invasive 
carcinomas™. Furthermore, mutated APC has been demon- 
strated in adenomas as small as 0-5 cm™, reinforcing the 
belief that such mutations are involved early in the 
adenoma—carcinoma sequence. Finally, about half of those 
tumours with only wild-type APC have been found to 
harbour B-catenin mutations®'™, suggesting that these 
mutations can substitute for APC mutations in colorectal 
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carcinogenesis. However, it is intriguing that B-carenin 
mutations occur significantly more frequently in small 
adenomas (12-5 5 per cent) than in large adenomi as (2-4 per 
cent) or invasive cancers (1-4 per cent)". This observation 
suggests that adenomas with ere mutations may be 
less likely to progress to invasive cancer. 


K-ras 


A further genetic alteration believed to occur early in the 


adenoma—carcinoma sequence is an activating mutation of 
the oncogene K-ras. This oncogene, one of three of the ras 


gene family, encodes a 21-kDa protein (ras p21) involved in 
signal transduction of regulatory pathways critical for 
normal proliferation and differentiation®®®’. It is a guano- 
sine 5’-triphosphate (GTP)-binding protein, oaie at the 
cytoplasmic aspect of the cell membrane, with intrinsic 
GTPase activity that is regulated by several other pro- 
teins°’*, When bound to GTP the ras protein is active, but 
becomes | inac tiv e when GTP is hydrolysed to guanosine §’- 
diphosphate®”. All known carcinogenic mutations of the 
K-ras oncogene affect codons in the GTP- binding domain, 
decrease its GT Pase activity, and result in a constitutively 
active ras proteint” 

Activating K-ras ons occur in 35—42 per cent of 
colorectal carcinomas**"""’? and are oped at a similar 
frequency in large adenomas?™™ +>, The relatively high 
frequency of ras mutated adenomas supports the hy pothesis 
of this oncogene as an early participant in the adenoma- 
carcinoma sequence. However, as - -ras Mutation is less 
common in small adenomas*® 3.74.7 , it seems that while 
this alteration confers a growth advantage it is unlikely to be 
an initiating factor in colorectal tumorigenesis. 

Jen and colleagues”* analysed small hyperplastic and 


adenomatous polyps from cancer-bearing colon for APC 


and K-ras mutations. APC mutations were found to be 
closely associated with dysplasia, as 82 per cent of adenomas 
and no hyperplastic polyps had detectable mutations. 
Conversely, K-ras mutations were almost equally common 
in non-dyspiastic and dysplastic polyps (22 and 25 per cent 
respectively). Furthermore, all K-ras mutated dysplastic 
polyps had concomitant APC mutations, suggesting that 


mutation of K-ras alone is insufficient for the onset of 


dysplasia. 

Mutations of K-ras have been investigated as potential 
predictors of metachronous adenomas’°: K-ras mutations 
were significantly associated with larger metachronous 
adenomas but did not provide a significant additional 
contribution to the prognostic value of size and villous 
component in predicting metachronous adenomas. 
Interestingly, Morris et al.” have shown that K-ras 
mutation occurs significantly more often in adenomas 
from colons with a synchronous cancer than in comparable 
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Furthermore, 
been identified in histologically 
’ from cancer- -bearing colons, and it 
has been suggested that mutant K-ras may be a useful 
biomarker to identify persons at higher risk of, or for early 
detection of, colorectal cancer’*””. 


adenomas from cancer-free individuals. 
K-ras mutations have 


normal mucosa’ >” 


pe 

he p53 gene is the gene most frequently altered in human 
eed *’, Located on the short arm of chromosome 17, 
p33 was initially implicated in colorectal cancer as a result of 
the frequent loss of 17p in allelic loss and cytogenetic 
studies***'"**, The biochemical function of p53 as a 
sequencesncciic DNA-binding protein and transcription 
factor controlling the expression of a large number of genes 
has been discussed extensively in recent reviews®’”°, In 
brief, p53 has been labelled the ‘guardian of the genome’ 
because of its ability to block cell proliferation in the 
presence of DNA damage, to stimulate DNA rep air and to 
promote apoptotic cell death if repair is insufficient®’. Loss 
of p53 function therefore contributes to propagation of 
damaged DNA to daughter cells and, consistent with this, 
mutation of ip 53 has been shown to precede aneuploid clonal 
divergence”. However, the relationship between p53 and 
aneuploidy is not a simple one, as crude aneuploidy has been 
observed in the absence of p53 overexpression®’, chromo- 
somal aberrations have been demonstrated in colorectal 
cancers with only wild-type p53’! and p53 is known to be 
mutant in some cell lines that are chromosomally stable”. 
Such disparities may be partly explained by different 
mutations having different downstream effects in the p53 
pathway, thereby resulting in different tumour phenotypes. 

Functional inactivetion of p53 most often occurs as a 
result of missense mutations in the DNA- binding domain, 
butitcan also result from oncogenic viral or cellular protein 
interaction”™”*, In normal cells p53 protein has a very short 
half-life but, as mutant p53 protein is resistant to mdm-2—- 
ubiquitin- mediated proteolysis, it accumulates within the 
cell”, This feature has been exploited clinically to identify 
ps3 madens aes) by immunohistochemical detec- 
tion of the protein”. Many reports on the frequency of p53 
mutations in colorectal tumours have been based on 
immunohistochemical evidence of overexpression, some 
have employed direct DNA sequencing and others have 
investigated 17p allelic loss. Thus it can be said that 

‘alteration’ in p33 or 17> allelic loss has been reported in 
4-26 per cent of adenomas?’ 47597-101 , in approximately 
50 per cent of aha adenomatous 
polyps”™™!®®, and in 50-75 per cent of adenocarcino- 
mas?®™ 29101-103 This distribution of results has led to 
the belief that functional inactivation of p53 protein is 
associated with the transition from adenoma to carcinoma. 


invasive foci 
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18q loss 

While 17p is the most common region of allelic loss in 
colorectal cancer, the second most common region is 
chromosome 18q, which is lost in approximately 70 per cent 
of cases?! 18q logs 1s observed in 10-30 per cent of ‘early’ 
adenomas and the incidence rises to approximately 60 per 
cent in ‘late’ adenomas’*’™. Originally the candidate 
tumour suppressor gene in this region was thought to be 
the ‘deleted in colorectal cancer’ (DCC) gene'™*. Research 
has since shown this gene to encode for a component of a 
receptor complex that mediates the effects of netrin-1, a 
molecule involved in axon guidance!™”. Experiments 
involving the mouse homologue of DCC have failed to 
support a tumour suppressor function for DCC% and 
mutant alleles of DCC are rarely demonstrated in colorectal 
tumours showing 18q allelic loss!” 

Meanwhile, other tumour suppressor genes in this region 
of interest have been identified, including SMAD2 and 
SMAD4. The latter gene was onginally identified due to its 
frequent loss in pancreatic cancer and was previously 
designated DPC4'**. The protein products of both genes 
are intracellular mediators of the inhibitory transforming 
growth factor (TGF) B signalling pathway, which exerts a 
wide range of effects on many cells, including regulation of 
cell growth, differentiation, matrix production and apop- 
tosis'°*"!°. Targeted deletion of SMAD4 in human color- 
ectal cancer cell lines abrogates TGF-B signalling''', and 
mutant SMAD2 and SMAD4 proteins are known to be 
targets for rapid degradation by the ubiquitin—-proteasome 
pathway’'*. Mutations of SMAD2 and SMAD4 have been 
identified in several human cancers’'?, including colorectal 
carcinomas and cell lines!?-!!°, There appear to be no data 
on the prevalence of SMAD gene mutations in sporadic 
adenomas, but it is interesting that germline mutations of 
SMAD4 have recently been observed in around one-third of 
individuals with the rare familial disorder JPS'’’. Finally, 
mutations of TGEF-B type IL receptor itself have been 
demonstrated in 90 per cent of colorectal cancers showing 
microsatellite instability’'*, providing further support for 
the role of this pathway in colorectal carcinogenesis. 
Mutations of this gene are discussed further ın the section 
on microsatellite instability. 


Metéylation status 

A potential alternative mode of altering genes during 
tumorigenesis 1s an epigenetic process known as DNA 
methylation. This mechanism is known to play a role in 
genomic imprinting and normal embryonic develop- 
ment!’?-!20 and it has been implicated in differential gene 
expression“, However, its role in tumomgenesis remains 
undefined’*?!?7, Compared with DNA from adjacent 
normal tissue, DNA from benign and malignant colonic 
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tumours displays global hypomethylation’**"”’, 
Accordingly, the agent 5-azacytidine, which inactivates 
DNA methyltransferase, the enzyme responsible for 
methylation, has been shown to be carcinogenic”. 
Conversely, constitutive overexpression of mouse DNA 
methyltransferase causes neoplastic transformation’’’, and 
reduction of DNA methyltransferase activity (genetically 
and pharmacologically) inhibits adenoma formation ın mice 
with one mutant APC allele’”®, Furthermore, moderately 
increased levels of human DNA methyltransferase have 
been detected in normal mucosa from tumour-bearing 
colons, and markedly increased levels have been detected in 
adenomas and carcinomas’?”, 

In contrast to widespread changes in methylation, 
alternative lines of investigation have focused on hyper- 
methylation of specific sequences of DNA. Hypermethyi- 
ation of the promoter region of several tumour suppressor 
genes has been described and shown to be associated with 
transcriptional silencing’?*3°, Of particular interest is the 
APC gene, the promoter region of which is hypermethy- 
lated in 18 per cent of sporadic carcinomas and in 18 per 
cent of sporadic adenomas; in all cases there was associated 
loss of APC expression’*®. This evidence suggests that 
hypermethylation is an umportant mechanism for altering 
APC function and that it occurs as an early event in 
colorectal tumorigenesis. Finally, hypermethylation has 
increasingly been associated with sporadic colorectal cancer 
showing microsatellite instability (MSI)1?!-133137 (see 
below). Of specific importance is the BMLHI gene, which 
is hypermethylated in the majority of sporadic microsatel- 
lite unstable colorectal cancers (cell lines and primary 
tumours), a fin that is often associated with loss of 
bMLH1] expression??? 


Recently, an alternative pathway of tumorigenesis for a 
subset of colorectal tumours has been proposed, character- 
ized by the presence of MSI. Microsatellites are a type of 
DNA that consists of tandem repeats, usually between one 
and five base pairs, repeated many times’**. Hundreds of 
thousands of microsatellites are found interspersed 
throughout the human genome and are particularly prone 
to errors during DNA replication. Such errors are usually 
repaired by mismatch repair (MMR) proteins but, in the 
absence of competent MMR function, microsatellite errors 
accumulate'’®. When these errors are sufficiently frequent, 
the term MSI or replication error positive (RER*) is applied. 
More recently, tumours showing MSI have been further 
classified into those exhibiting low and high levels of 
instability (MSI-L and MSI-H respectively)’. When a cell 
is MMR deficient itis not only microsatellites that are at risk 
of replication error but all nucleotide repeat sequences, 
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including those in coding regions of key regulatory genes. 


Thus MSI can be interpreted as a marker for a state of 


14 
hypermutability or a ‘mutator phenotype 


MSI is observed in almost all iden nenno mas from 
patients with hereditary non-polyposis colorectal cancer 
(HNPCC)'*"' and occurs in 10-15 per cent of sporadic 
colorectal cancers?” +U, HNPCC is an autosomal 
dominantly inherited condition that accounts for approxi- 
mately cancer!**. It is 
characterized by relatively small numbers of adenomas, the 
development of colorectal cancer at an early age, a 
predominance of tumours in the proximal colon and is 
sometimes associated with extracolonic tumours, such as 


5 per cent of all cases of colorectal c 


gastric and endometrial cancer ®t, Interestingly, while 
MSI has been described relatively frequently in sporadic 
gastric and endometrial cancers, it is less common in other 
solid cancers ®t T, 
colorectal cancer and HNPCC correlates significantly with 
a number of clinical and pathological features, including 
proximal ganan DR diploid DNA « con: 


OAS 152,155,156 
tent’ 2155-156 a more favourable Dukes’ stage!*”, an 


ESNE? 


The presence of MSI-H in sporadic 


improved survival rate , a poor or mucinous differ- 
entiation 1°71" and the presence of a Crohn’s-like 
inflammatory infiltrate!’”'’”. Studies of MSI in sporadic 
adenomas have produced variable results, with instability 
ranging from 0 to 25 per cent’? 1458-161, Such variability 
may be explained partly by the different techniques used, 
different thresholds used to define instability, and the 
location of the studied polyps. A recent study has considered 
these issues and Sooke MSI in only 1-8 per cent ou all 
adenomas and in 2-5 per cent of proximal adenomas'**. In 
patients with HNPC C, however, MSI has been ev: in 
more than 50 per cent of adenomas’?! 
tions suggest that MSI in this proposed pathway occurs 


early in familial cases but is a relatively late event in sporadic 


. These observa- 


cases. 
‘To date, mutations in five human MMR genes have been 


described: AhMSH2, bMLH1I, bPMS1, bPMS2 and 
MSH6'**. The majority of those with HNPCC have a 


germline mutation in one of these genes, with more than 90 
per cent of cases involving bMSH2 or bMLHI'°. 
Furthermore, many HNPCC tumours harbour mutations 
in beth alleles, 
absence of the wild-type allele, indicating that both copies 


one germline and one somatic, or total 


of an MMR gene are inactivated before a tumour 


Tod if 
+163 Somatic mutations of these genes are 


found less frequently in sporadic MSI cancers Y E 
suggesting that novel genes may be involved. However, 
lack of AMLHI or AMSH2 expression has been demon- 
strated in 95 per cent of sporadic MSI-H tumours!**, and 


loss of AAILHI expression is known to be associated with 


develops 
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hypermethylation of the promoter region of this gene (see 
above). 

Of particular interest is the high frequency of TGF-B 
type I] receptor (RIT) mutations in MSI-positive colorectal 
tumours. The gene coding for this receptor contains 
mononucleotide repeats, analogous to microsatellites, and 
so is particularly sensitive to defects in DNA mismatch 
repair. Inactivating mutations of RII have been found in 90 
per cent of colorectal cancers showing MSI; in most cases 
both alleles are affected''*. RII mutations have also been 
studied in ba -positive adenomas at various stages of 
progression'°'. The earliest stage at which RII mutations 
were detectable was in high-gr: ade e dysplastic adenomas, and 
in adenomas containing a focus of invasive carcinoma the 
prevalence of RI mutations was approximately 75 per cent. 
These observations suggest that mutation of TGF-B RI isa 
critical step in MMR-ceficient colorectal tumour forma- 
tion, that RII behaves like a tumour suppressor and that its 
mutation correlates strongly with 
adenoma to carcinoma. However, it is interesting that RII 
mutations are also commen in MSI-positive gastric cancer 
but rare in MSI-positive endometrial cancer'®’. These 
findings suggest that RII mutations do not simply reflect 
MSI but are instead selected for, and contribute to, the 
genesis of gastrointestinal cancers. 


the progression of 


Cytogenetic evidence 


It is now generally believed that most human cancers are 
genetically unstable. It has been argued that such instability, 
resulting from an increased mutation rate early in tumor- 
igenesis, is the defect underlying tumorigenesis! 
Instability is thought to occur at two distinct a the 
nucleotide level and the chromosomal level'©”. In colorectal 
tumorigenesis, nucleotide instability seen as MSI affects 
only a minority of tumours, but is well characterized. In 
contrast, chromosomal instability is poorly understood but 
is likely to affect most colorectal tumours. Alteration in 
chromosome number (aneuploidy) is known to occur in 
most pagnecya tumours and, indeed, in virtually all human 
solid cancers!®”, However, the molecular basis for these 
observations remains unknown and is probably multi- 
factorial. Interestingly, a defect in chromosomal segrega- 
tion, resulting in gains and losses of chromosomes, has been 
demonstrated in colorectal cell lines without MSI, and this 
chromosomal instability persisted throughout the lifetime 
of the tumour’ ”. 

Cytogenetic investigation (karyotyping) of tumours 
entails direct microscopic analysis of structural and 
numerical chromosomal abnormalities. Tumour cells 
from direct or cultured tissue are placed on glass slides 
and stained to produce a banding pattern on the condensed 
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chromosomes that enables their identification. Structural 
changes, such as deletions, translocations, inversions and 
duplications, can then be analysed by microscopic inspec- 
tion. Cytogenetic analysis provides diagnostic and prog- 
nostic information for a wide variety of human diseases and 
malignancies, but it is time-consuming and highly specia- 
lized work. Furthermore, tissue culture of solid tumours is 
notoriously difficult. Despite these problems a large 
number of colorectal tumours have been successfully 
karyotyped and characteristic patterns of chromosomal 
abnormalities have been reported’”’. 

Over 90 per cent of all colorectal cancers show 
chromosomal! aberrations; only a minority have a normal 
karyotype”?! The most common numerical aberrations, 
as summarized by Bardi and colleagues'”*, are loss of 
chromosome 18 (26 per cent of tumours) and gain of 
chromosome 7 (25 per cent). Other common losses include 
chromosomes Y (15 per cent), 17 (13 per cent), 14 (12 per 
cent) and 22 (12 per cent), and other commonly gained 
chromosomes are 20 (14 per cent) and 13 (12 per cent)’”*. 
Although less frequent, many structural rearrangements 
have been reported that generally result in loss of 1p and 
gain of 1q, loss of 8p and gain of 8q, loss of 13p and gain of 
13q, and loss of 17p and gain of 17q'”*. 

Chromosomal anomalies occur in 44-80 per cent of all 
sporadic colorectal adenomas, and numerical aberrations 
correlate with a villous component and with the degree of 
dysplasia'’*-'”’, The most frequent abnormality in adeno- 
mas, trisomy 7, is found in 40 per cent of lesions and is often 
the only aberration’’', Trisomy 7 as a sole anomaly occurs 
in a wide variety of tumour types and has also been reported 
in non-neoplastic diseases, such as Dupytren’s contracture 
and atherosclerotic plaques; its tumorigenic importance 
remains undetermined!”*. Interestingly, a candidate color- 
ectal tumour suppressor gene, ‘downregulated in adenoma’ 
(DRA), which is expressed exclusively in colonic mucosa, 
has been localized to chromosome 717%% and down- 
regulation of this gene correlates with tumour progres- 
sion!®!, As in colorectal cancer, chromosomes 13 and 20 are 
often gained ın adenomas (30 and 17 per cent mapen y) 
and chromosome 18 is frequently lost (13 per ceng‘. 
Conversely, chromosome 14 is gained in 13 per cent of 
adenomas but is more frequently lost in carcinomas’’”*. The 
single most common structural abnormality in adenomas is 
deletion of 1p, and multiple studies have shown that band 
1p36 is always deleted, suggesting that a candidate tumour 


suppressor gene resides in this region'®’. 

Molecular cytogenetic evidence 

Although karyotyping has provided vital information about 
the key chromosomal changes underlying colorectal cancer, 
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it is associated with inevitable selection bias in favour of 
relatively simple karyotypes, as more complex karyotypes 
cannot be analysed with conventional techniques. In recent 
years there has been a rapid expansion of new fluorescence 
in stu hybridization techniques that combine standard 
cytogenetics with molecular genetics. These techniques, 
termed ‘molecular cytogenetics’, have greatly facilitated the 
genetic analysis of solid cancers. In particular, comparative 
genomic hybridization (CGH), a relatrvely new molecular 
cytogenetic technique, has overcome many of the draw- 
backs of conventional cytogenetic analysis of solid tumours, 
as it avoids the need for tissue culture and does not require 
analysis of complex karyotypes’®’. In a single experiment, 
CGH screens the entire genome for losses and gains of 
genetic material in a tumour, and provides a map of the 
chromosomal regions involved. However, it cannot detect 
rearrangements, such as inversions and balanced transloca- 
tions. Briefly, tumour DNA is labelled with a green 
fluorochrome and normal DNA with a red fluorochrome. 
Equal quantities of each are then hybridized to normal 
metaphase chromosomes on a glass slide. The green : red 
fluorochrome ratio is analysed digitally and reflects the gain 
or loss of genetic material ın corresponding regions of 
tumour DNA. 

Since its introduction almost a decade ago!®?, CGH has 
been performed on a wide variety of human tumours'™*. For 
colorectal tumours CGH data exist for low- and high-grade 
adenomas, carcinomas, liver and lymph node metastases, 
and for carcinomas showing MSL Reid et a1. found that 
the number of genetic aberrations increased with progres- 
sion from low-grade adenoma to high-grade adenoma to 
carcinoma. Only three of 14 low-grade and five of 12 bigh- 
grade adenomas showed chromosomal abnormalities by 
CGH, compared with 14 of 16 carcinomas. The most 
frequently gained chromosomal regions were 20q, 13q, 8q, 
7p and 7q, and frequent losses were observed at 8p, 18q, 4q 
and 17p. Furthermore, the frequency of specific alterations 
increased with advancing stages of tumour progression; for 
example, gain of chromosome arm 7p occurred in 7 per cent 
of low-grade adenomas, 33 per cent of high-grade 
adenomas and 50 per cent of carcinomas. Similarly, 
Meijer et al.” found that the average number of 
chromosomal aberrations increased from adenoma to 
carcinoma; frequent gains involved 13q, 7p, 7q, 8q and 
20q and losses most often occurred at 18q, 4q and 8p. In this 
study, however, at least one chromosomal abnormality was 
detected in every adenoma. The abnormalities detected by 
CGH in these studies are consistent with results of 
karyotypic characterizations of colorectal adenomas and 
carcinomas’’*. In their study of 45 ey colorectal 
carcinomas by CGH, De Angelis eta/.™ found that both 
DNA aneuploid tumours and tumours with p53 mutations 
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were significantly associated with an increased number of 
chromosomal aberrations. 

CGH studies comparing primary colorectal carcinomas 
and their associated metastases have produced varying 
results. Korn and colleagues'*® found no consistent 
difference between primary tumours and synchronous 
liver metastases, whereas Al-Mulla etal. '™ found, in all 
cases studied, that liver or lymph node metastases had 
acquired new genetic alterations not present in the primary 
lesion. In addition, this latter group showed that loss of 17p 
was significantly associated with Dukes’ stage C and lymph 
node metastases, while gain of chromosomal arms 6p and 
i7q was associated with Dukes’ stage ‘D’ and liver 
metastases. However, Paredes-Zalgul et al.'** showed that 
the number of losses per tumour was significantly higher for 
liver metastases and identified genetic alterations that were 
unique to metastatic lesions, including loss of 17g, 11g and 
9q. 

Finally, chromosomal differences between colorectal 
carcinomas with and without MSI have been demonstrated 
using CGH'®, None of the MSI-positive tumours was 
found to have gained chromosomal material and only two of 
six had a single chromosomal segment deletion; 11 of 12 
MSI-negative tumours had gains and losses. This observa- 
tion is consistent with the correlation between MSI-positive 
tumours and a diploid DNA content! 075132133136 
suggesting that this group of colorectal cancers does not 
exhibit gross chromosomal instability. 


Cytometric evidence 


DNA cytometry, an established technique for quantifying 
aneuploidy, measures total nuclear DNA content, typically 
using a flow cytometer. The number of cells in each 
category of DNA content is displayed in a histogram. The 
technique has the advantage of ease of use, and it can be 
applied retrospectively to archival paraftin-embedded 
material. Like cytogenetics, it provides a global assessment 
of abnormality, but only of numerical changes; it also has 
the disadvantage of poor sensitivity. DNA cytometry, while 
easy to perform and informative in its own right, has been 
used largely to complement the other approaches. 
Aneuploidy measured by this method is present in 50-75 
per cent of colorectal carcinomas, is rarely found in Dukes’ 
A carcinoma but is found in 55 per cent of Dukes’ B and in 
83 per cent of Dukes’ C carcinomas'””. Some studies have 
shown aneuploidy in colorectal cancer to be significantly 
associated with poor prognosis’ ”'"!”", but others have failed 
to support this finding) 7°17", 

The frequency of aneuploidy in adenomas is reported to 
be much lower! ””!”° and correlates best with size (0 percent 
in lesions of less than 1 cm, 16-52 per cent in lesions greater 
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than 2 cm) and to a lesser degree with histological type 
(2 per cent in tubular adenomas, 11 per cent in villous 
adenomas)”. No increase in aneuploidy in adenomas 
associated with synchronous carcinoma has been 
described”. Owing to the inherent limitations of this 
technique, some tumours with subtle chromosomal aberra- 
tions or tumours with large chromosomal rearrangements 
that do not lead to changes in total DNA content, such as 
balanced translocations, will go undetected and be classified 
as diploid. 


Gene expression evidence 


In recent years significant advances have been made in the 
development of techniques to detect differential gene 
expression between cell populations. Among these new 
techniques are the CDNA and oligonucleotide microar- 
rays’, which allow the expression levels of multiple genes 
to be monitored in parallel. AcDNA microarray consists of 
thousands of DNA samples attached to a small glass slide. 
RNA from two samples is labelled with green or red 
Huorescent dyes; the samples are mixed and allowed to 
hybridize to the microarray. The ratio of red : green 
Huorescence at each site reflects the relative expression of 
that gene in the two samples. The second type of microarray 
is composed of oligonucleotides synthesized on to a silica 
slide, and fluorescently labelled cDNA derived from the test 
sample is hybridized to the array. 

Microarrays have not yet been applied extensively to 


human colorectal tumours. However, a number of 
98-201 - -202-205 . - 
reports: , analyses of cell lines’’*-"° and studies of 


204 


other tumour types” have shown its potential. Of 
particular interest is work by Notterman eta/?°', who 
examined 18 colon adenocarcinomas, four adenomas and 
paired normal tissue for each tumour by oligonucleotide 
array. They found 19 transcripts (0-5 per cent of those 
detected) whose expression was higher and 47 transcripts 
whose expression was lower in carcinomas compared with 
corresponding normal tissue. Several of the abnormalities 
detected in carcinomas were also present in adenomas, for 
exampie overexpression of the metalloproteinase matrily- 
sin. This suggests that dysregulation of those specific genes 
may play a role at an early stage of colorectal tumorigenesis. 
It seems likely that microarray technology will play an 
increasingly important role in the coming years and new 
information management technology will facilitate inter- 
pretation of the data generated. 


Conclusion 
Over the past decade our understanding of colorectal 


tumorigenesis has advanced rapidly; the knowledge gained 
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has strengthened the concept of the adenoma-—carcinoma 
sequence, and has reinforced the practice of polypectomy 
and postpolypectomy surveillance. Unfortunately, how- 
ever, this knowledge remains incomplete and so manage- 
ment of colorectal tumours remains suboptimal. In 
particular, it is widely recognized that only a small 
proportion of adenomas progresses to invasive cancer but, 
as yet, there is no reliable means of identifying this subgroup 
of patients. In addition, the related problem of identifying 
patients with adenomas who are likely to develop further 
tumours after polypectomy remains unsolved. Although 
there is growing optimism that tumour profiling may be of 
value in this respect, the clinical potential of this approach 
has yet to be realized (probably as individual aberrations 
have been studied in isolation). In the authors’ view, the best 
chance of progress in adenoma management is to select a 
panel of genetic abnormalities that, based on current 
knowledge, may be associated with adenoma recurrence 
or progression. Using this panel to study large cohorts of 
patients with adenoma prospectively may enable markers of 
high risk to be identified. It is essential that such research 
continues in parallel with careful histopathological studies. 

In recent years the molecular approach to colorectal 
tumorigenesis has been favoured, and research on the model 
proposed by Fearon and Vogelstein’ has led to many 
important discoveries on the structure, function and 
interactions of certain key genes. The frequencies with 
which these genes are mutated at different stages of the 
adenoma~carcinoma sequence are consistent with, and 
serve to strengthen, the original model (Table 1). 
Furthermore, many novel genes have been described and 
an alternative pathway based on the presence of MSI has 
been proposed. However, despite the existence of a large 
body of knowledge on the various genetic abnormalities 
that have been identified in adenomas and carcinomas, there 
isa surprising lack of data relating to the coexistence of these 


Table 1 Frequency of common genetic aberrations in sporadic 
human colorectal tumours 





© 2002 Blackwell Science Ltd 


abnormalities in individual tumours. To correct this, 
multiple analyses need to be performed on a comprehensive 
range of tumours; only then will patterns of genetic 
abnormalities emerge that might inform clinical practice. 
It should also be stressed that the molecular analysis of 
tumours is essentially reductionist because mutations of 
oncogenes and tumour suppressor genes are often evaluated 
in isolation, without acknowledgement of numerous other 
coexistent genetic abnormalities. Cytogenetic techniques 
are complementary to molecular techniques as, by the 
detection of genome-wide numerical and structural chro- 
mosomial changes, they can identify previously unsuspected 
abnormalities. However, cytogenetic techniques clearly 
underestimate the occurrence of genetic abnormalities, 
such as small deletions or point mutations. Furthermore, 
each of these approaches will inform, and be informed by, 
the advent of new techniques such as expression micro- 
arrays. Thus, in order to obtain a balanced picture of the 
genetic mechanisms underlying cancer it is imperative that 
investigations continue at molecular, chromosomal and 
cellular levels; each should facilitate interpretation of the 
others and, ultimately, the knowledge gained may be 
accurately and safely utilized in the clinical setting. 
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Late results concerning feasibility and compliance from a 


randomized trial of ultrasonographic screening for abdominal 


aortic aneurysm 
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Background: The study was an update at 10 years of a randomized trial of the efficacy of screening for 
abdominal aortic aneurysm (AAA). The extent of benefit, feasibility and compliance were examined, and 
reasons why this intervention may fail a proportion of those screened were identified. 

Methode: A total of 6058 men aged 65 years and over were randomized to a group invited to attend 
ultrasonographic screening or to a control group. The mortality rate from AAA im the two arms of the 
trial was compared using a Poisson model. Analyses were by intention to treat. 
Results There was a 21 per cent reduction in mortality rate from AAA over the 10-year follow-up 
(relative risk 0-79 (95 per cent confidence interval 0-53 to 1-40)). The observed relative mortality 
reduction peaked at 4 years with a 52 per cent reduction in the study group. Eighteen of 24 AAA deaths 
in the study group were among those who did not attend the first screen, or failed to comply with the 
follow-up protocol. 

Conclusion: A greater awareness of the benefits of full participetion in a screening programme could 


provide a larger and sustained mortality reduction. 
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introduction 


The Chichester study, a randomized trial of the efficacy of 
screening for abdominal aortic aneurysm (AAA) by ultra- 
sonography, began in 1988 and published 5-year results in 
1995". Men and women aged 64 years and over in the 
Chichester region were randomized to an invitation to 
ultrasonographic screening or to a control group. AAA 
mortality data in the two groups were compared to estimate 
the possible benefits of such a screening strategy. 

With more extensive mortality data now available via the 
Office of National Statistics (ONS) flagging system, the 
present analysis of the Chichester data set now includes 
10 years of follow-up data. The questions of feasibility, 
compliance and extent of benefit were examined, and 
reasons why this intervention fails a proportion of those 
screened were identified. 


The Editors have satisfied themselves that all authors have 
contnbuted significantly to this publication 
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Patients and methods 


The detailed methodology and primary results of the 
Chichester study were published in 1995’. Both men 
and women aged 65 years and over were included, but in 
the present analysis only men were considered as the 
incidence of AAA in women was too small to favour 
screening. 

A total of 6341 men were recruited; 6058 were eligible for 
inclusion and were randomized to a group invited to attend 
screening by ultrasonographic imaging, or to a control 
group. Three thousand men were randomized, stratified by 
year-of-birth cohorts from general practitioner (GP) lists, 
to the screening arm, of whom 2212 (74 per cent) accepted 
the invitation. The control group contained 3058 men who 
were not contacted in any way, butall deaths were flagged by 
the ONS. 

An AAA was defined as an aortic diameter greater than or 
equal to 30 mm. Men were referred to a vascular surgeon for 
consideration of elective AAA repair if the aortic diameter 
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exceeded 60 mm, if the aneurysm grew by more than 
10 mm per year (or pro rata over smaller intervals), if 
symptoms developed or if an iliac aneurysm (defined as 
30 mm or more in diameter) was found. Otherwise, men 
identified with an aortic diameter measuring between 30 
and 44 mm were recalled annually for repeat ultrasono- 
graphic screening, while those with an aorta measuring 
between 45 and 59 mm were invited at 3-month intervals. 

The date of randomization was defined post hoc as the first 
ultrasound scan date in each practice. Thirty-five men in 
the screening group and 28 in the control group died be- 
tore the date of randomization and were excluded from 
analyses. 

‘The mortality rate in the two groups was compared using 
a Poisson model with the number of deaths, detected 
through the ONS flagging system, as the numerator and the 
number of person-years of follow-up as the denominator. 
The primary outcome measure was death from AAA 
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(International Classification of Diseases 9, 441-3-6); 
analysis was by intention to treat. 


Results 


A summary of the 10-year results of the trial is shown in 
Fig. 1. 


Death from abdominal aortic aneurysm 


From the beginning of the study to 31 March 1999 there 
were 31 deaths from AAA in the control group and 24 in the 
study group, representing a 21 per cent reduction in 
mortality rate over the whole 10-year follow-up (relative 


risk 0-79 (95 per cent confidence interval 0-5 to 1-4)). 


Cumulative mortality by year since randomization is shown 
in Frig. 2. Mortality in the study group took 4 years to 
separate from that in the control group, with a maximum 


AAA deaths 


2212 screened 


153 complied with 
follow-up 





170 AAAS 
detected 








47 di 
7 did not comply oe 
with follow-up 


OOO 


Fig. 1 Flow diagram of the randomized trial of ultrasonographic screening for abdominal aortic aneurysm (AAA). *Three unfit; two did 


not reach the criteria for elective surgery 
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reduction in mortality rate of 52 per cent observed 4 years 
after randomization, representing seven deaths in the study 
group compared with 15 in the control group. 

Of the 24 patients who died from AAA in the study group 
over the 10-year interval, 15 died having declined the initial 
invitation for screening and three having refused screening 
recalls or surgery. Of the remaining six patients who died 
from AAA in the study group, three were deemed unfit for 
surgery, one man who had a normal aortic diameter at the 
initial screen died 3-5 years later from an AAA, and two had 
not reached the size criteria for elective surgery. 

In the control group, 24 men died from ruptured AAA 
without reaching the operating theatre and seven died 
within 30 days of emergency surgery 


Surgery for abdominal aortic aneurysm 


Of the 82 known AAA operations in the study, 33 were 
carried out in the control group and 49 in the study group 
(Table 1). Seventeen of 33 operations in the control group 
were elective compared with 36 of 49 in the study group. In 
the study and control groups combined, there were no 


deaths among the 53 men who underwent elective AAA 


surgery. Focusing on the 49 operations in the screening 


35 g 
30 
25 
20 


No. of AAA deaths 


Control 
Screening 





Time since randomization (years) 


Fig. 2 Cumulative mortality from abdominal aortic aneurysm 
(AAA) by time since randomization 


arm, 39 were in men who complied with the protocol and 
reached criteria for consideration for elective surgery. Four 
men had emergency repair of an AAA that had not reached 
the criteria for elective surgery, five had refused the initial 
scan and one man had an AAA that had not been visualized at 
the initial scan (Table 1). 


Considerations for elective surgery in the screening 
group 

Of the 170 men found to have an AAA, 82 reached one or 
more of the criteria for elective surgery. Eighteen men met 
the size criterion for elective surgery at the initial scan and a 
further 64 went on to reach criteria for elective surgery 
during follow-up. Subsequent decisions and outcomes for 
those considered for elective surgery are shown in Table 2. 


Discussion 


The Chichester study was not powered to detect a moderate 
effect size (more than a 20 per cent reduction in mortality 
rate in the study group) and so the results, based on the 
relatively small number of participants recruited to the trial, 
did not reach statistical significance. They provided, 


Table 2 Outcome for men with an abdominal aortic aneurysm 
who reached the criteria for elective surgery in the screening 
arm of the study 





*Elective and symptomatic. AAA, abdominal aortic aneurysm 


Table 1 Details of abdominal aortic aneurysm surgery in control and study groups 
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however, an opportunity to assess the impact of the 
intervention over 10 years. Although these data should be 
interpreted with caution, they justify the larger, ongoing 
Multicentre Aneurysm Screening Study (MASS) that 
should report results in 2003. This 10-year follow-up 
suggested that the mortality benefit of ultrasonographic 
screening was maintained over time. 

Animportant fact highlighted by these data is the need for 
a screening strategy to be acceptable to the target 
population. The benefits of even the most perfect screening 
programme will not be realized if individuals do not attend. 
Eighteen of 24 AAA deaths in the study group were in men 
who did not comply, either to the initial invitation to attend 
screening, to follow-up or to surgery. With greater 
awareness of the condition attendance rates may be 
expected to rise, thus reducing the mortality rate. Breast 
cancer screening clinics generally achieve compliance rates 
of between 75 and 85 per cent’. This may be a result of 
greater awareness of the disease and of the possible benefits 
of earlier identification that screening brings. 

The remaining six AAA deaths in the study group were 
among compliers. This highlights the fact that the term 
‘screening’ may be inappropriate as no preventative strategy 
has the ability to identify all disease and prevent all deaths. 
The current trend is towards describing screening pro- 
grammes as ‘risk reduction strategies’ as people may have 
unrealistic expectations about what compliance to a 
programme can achieve. 

The debate over the value of an AAA screening 
programme focused on the expected high elective surgical 
mortality rates in this elderly and relatively unhealthy 
population’*. None of the six men in the compliant 
screening arm died as a result of elective surgery; three 
died with no surgery and three died following emergency 
surgery, illustrating that no screening programme can 
detect all subsequent cases. 

A relatively large proportion of operations in the control 
group (17 of 33) were elective compared with 36 of 49 in the 
study group. The large amount of surgical activity in the 
unscreened population may have diluted the benefit of 
identifying an aneurysm earlier, before it presented clinic- 
ally. A higher proportion of operations were done as an 
emergency in the contrel group (13 of 33 versus six of 49) but 
consideration of the absolute numbers of operations 
suggests that a screening programme may not reduce the 
emergency operation burden substantially. There remains a 
significant amount of emergency operation of screen- 
detected AAAs, largely related to refusal. 

The present study did not ask GPs to exclude patients 
before randomization, but appointments were not offered 
to patients with significant co-morbidities. Despite this, 18 
of 82 men with an expanding AAA were considered unfit for 
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surgery and two were thought to be too old. In addition, two 
declined an appointment with the consultant to discuss 
treatment and five refused the operation when offered. This 
suggests that a clearer exclusion policy may have prevented 
unnecessary ultrasound scans. Perhaps the nature of the 
final intervention should be made clearer at the outset, to 
allow more informed choice on whether to enter the 
programme. 

The possibility of bias needs to be examined when 
interpreting these data. ONS flagging was used to track all 
participants in the study and so all deaths registered as AAA 
have been added to the database. However, death may not 
be ascribed to AAA if rupture occurs outside of hospital and 
the cause of death is not confirmed by autopsy. This was 
more likely in the control group. It is more likely that 
sudden death will be certified as due to an AAA if the 
registering physician is aware of the patient’s condition. 
This suggests that anv mortality reduction reported from a 
suitably powered randomized trial will be conservative. 

Death trom AAA accounted for 2 per cent (55 of 2545) of 
all deaths reported over the 10-year follow-up interval of 
this study. This figure is in line with national AAA death 
rates. Even if the maximum reduction in AAA mortality rate 
reported here (52 per cent at 4 years) is realized by a 
screening programme, differences in all-cause mortality 
will be too small to be detectable in national statistics. 

The results of the MASS trial should provide a more 
precise estimate of the reduction in AAA mortality rate that 
can be achieved through a screening programme. The 
results of the present study could be used to inform the 
debate about construction of an effective national pro- 
gramme to reduce the risk of dying from an AAA. 
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arrangement of the pancreaticobiliary duct 


S. Fumino, K. Tokiwa, T. Katoh, S. Ono and N. Iwai 


Divinon of Surgery, Children’s Research Hospitel, Kyoto Prefectural Unrvermty of Medicine, 465 Kawarameachi-Hirokon, Kamigyo-kn, Kyoto, 
602-0841, Japan 
Correspondence to Dr S Fumuino (e-mail fonun@koto kpu-mac jp) 


Background: In an anomalous arrangement of the pancreaticobiliary duct (AAPBD), two-way 
regurgitation, including pancreaticobiliary reflux and biliopancreatic reflux (BPR), might occur. 
Although pancreaticobiliary reflux has been shown by high levels of pancreatic enzymes in bile, there 
have been few reports of clinical evidence of BPR m AAPBD. Recently, spiral computed tomography 
combined with intravenous infusion cholangiography IVC-SCT) has been reported to be useful for 
visualizing the biliary anatomy, which may allow a new insight into bile flow dynamics in AAPBD. 
Methods: Fifteen paediatric patients with AAPBD were examined before operation using both IVC- 
SCT and endoscopic retrograde cholangiopancreatography. Visualization of the main pancreatic duct 
on IVC-SCT defined the presence of BPR. Blood samples were also analysed when the initial symptom 
was strongly present. 

Reeults BPR was observed in six of 15 patients. Pancreatic enlargement and hyperamylasacmia were 
significantly more frequent in patients without BPR than in those with BPR. Levels of enzyme markers 
of cholestasis were also higher in the former group. 

Conclusion: The present study, using IVC-SCT, has identified clinical evidence of BPR in AAPBD. 


Farther studies are necessary to determine the correlation between BPR and clinical manifestations. 
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introduction 


Anomalous arrangement of the pancreaticobiliary duct 
(AAPBD) is a congenital biliary anomaly that is commonly 
associated with congenital biliary dilatation, and 1s defined 
as ap anatomical maljunction of the bile duct and the 
pancreatic duct outside the duodenal wall'?. In AAPBD, 
freed from the influence of the sphincter of Oddi, pancreatic 
juice can regurgitate into the biliary tree and bile juice can 
also enter the pancreatic duct. These regurgitations are 
considered to be responsible for the clinical symptoms of 
AAPBD, including cholestasis or abdominal pain with 


hyperamylasaemia. Previous clinical studies have shown | 


higher levels of pancreatic enzymes such as amylase, lipase 
and phospholipase A; in bile in patients with AAPBD*>, 
which are indicative of pancreaticobiliary reflux. However, 
there have been few clinical reports of evidence of the 
"reverse reflux, biliopancreatic reflux (BPR), in AAPBD®. 
Recently, spiral computed tomography combined with 
intravenous infusion cholangiography (VC-SCT) has 
been reported to be useful in biliary surgery, because it 
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shows more anatomical details of the biliary tract than 
conventional intravenous infusion cholangiography”®. Bile 
duct imaging by this method may reflect the actual bile flow 
in various pathophysiological conditions. 

In this study, IVC-SCT was used in patients with 
AAPBD to diagnose BPR. The purpose of the study was 
to determine whether there was a correlation between BPR 


and its clinical manifestations in patients with AAPBD. 


Patlents and methods 


From January 1997 to December 2000, 15 children with 
AAPBD were diagnosed and treated. There were 11 girls 
and four boys, of mean(s.e.m.) age 5-3(43) (range I- 
17) years. The initial presentation was abdominal pain in 12 
patients, jaundice in three and an abdominal mass in one. 
One patient had haematuria and was diagnosed incidentally 
with AAPBD. Blood samples were obtained from all 
patients to determine liver function and serum amylase 
levels at presentation. Hyperamylasaemia (more than 
200 units/l) was present in seven patients. Of these, only 
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one patient had pancreatic duct dilatation and was 
diagnosed with acute pancreatitis. 

The diagnosis of AAPBD was mainly made by preoper- 
ative endoscopic retrograde cholangiopancreatography 
(ERCP) under general anaesthesia. The diagnostic criteria 
tor AAPBD were (1) the presence of a markedly long 
common channel of the common bile duct and the major 
pancreatic duct over 10 mm in length and (2) an apparently 
anomalous junction of the common bile duct and the major 
pancreatic duct”. AAPBD was classified into two types 
(Fig. 1): the P-C type, in which the major pancreatic duct 
joins the common bile duct, and the C-P type, in which the 
common bile duct joins the major pancreatic duct!®. In this 
study, nine patients had the P-C type of AAPBD and 6 had 
the C-P type. Choledochal dilatation was noted in 14 of the 
L5 patents with AAPBD (eight with the cystic type and six 
with the fusiform type). 

Excision of the gallbladder and the extrahepatic bile duct 
followed by Roux-en-Y hepaticojejunostomy was per- 
formed in all 15 patients. There was no evidence of 
pancreauc inflammation at surgery in any patient. 
Amylase levels in the bile of the gallbladder and the 
common bile duct were analysed using bile specimens 
obtained intraoperatively. 

All patients were examined before operation using IVC- 
SCT after the initial symptom had subsided completely 
with conservative therapy. Briefly, after fasting for at least 
4 h, meglumine iotroxate (Biliscopin® 50 mg/ml; Schering, 
Berlin, Germany) 1-3 ml/kg was administered intrave- 
nously over 30 min before SCT, and adverse reactions were 
carefully recorded. About 20 min after injection, SCT was 





D c-P type 


a P-C type 


Fig. 1 Anomalous arrangements of the pancreaticobiliary duct. a 
In the P-C type, the major pancreatic duct joins the common 
bile duct. b In the C-P type, the common bile duct joins the 
major pancreatic duct 
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performed with a table feed of 5 mm/s, a pitch of 1-0 
(120 kV (peak) and 50-100 mA) in Asteion VR (Toshiba 
Medical, Tokyo, Japan). Sedation with chloral hydrate was 
used if necessary. The imaging results were assessed by two 
authers (K.T. and S.F.). Partial visualization of the main 
pancreatic duct on the film defined the presence of BPR 
(Fig. 2). The ratio of the largest width of the pancreas head 
to the width of the vertebral body on the same film was 
calculated in order to evaluate the size of the pancreas’'. 
The widest transverse diameter of the common bile duct, 
and the main pancreatic duct diameter on the ERCP film 
were also measured. The main pancreatic duct was 
considered to be dilated if it was over 2 mm in diameter’. 
The study was approved by the Medical Committee on 
Human Studies of this hospital, and written informed 
consent was obtained from the parents of all patients. 

All values are expressed as mean(s.e.m.). Statistical 
comparison was performed using Student’s ¢ test, Mann- 
Whitney two-sample test and Fisher’s exact probability test. 
P < 0-05 was considered significant. 


Results 


IVC-SCT was performed in all 15 patients without any 
adverse reaction. BPR was noted in six of the 15 patients. 
The elinical features of patients with (7 = 6) and without 
(n = 9) BPR were compared (Table 1). There were no 


Table 1 Comparison of clinical features in patients with and 
without biliopancreatic reflux in the presence of an anomalous 
arrangement of the panereaticobiliary duct 





*Values are mean (range). BPR, biliopancreatic reflux; AAPBD, 
anomalous arrangement of the pancreaticobiliary duct. +P = 0.03 versus 
BPR present (Fisher's exact test) 
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significant differences in age, gender, initial symptoms and 
forms of choledochal dilatation between the two groups. 
Hyperamylasaemia was significantly more common in 
patients without BPR than in those with BPR (P = 0-03). 
The patient with acute pancreatitis did not have BPR. The 
P-C type of AAPBD was found in five of the six patients who 
had BPR, and in four of the nine children in whom BPR was 
not present. 

Table 2 shows a comparison of the radiographic and 
laboratory data between the two groups. There was no 
significant difference in the mean common bile duct 
diameter. The mean value of the pancreas-to-vertebra 
ratio was significantly higher in patients without BPR 
(P < 0.01). 

There was no significant difference in liver function tests 
between the two groups, apart from a higher level of leucine 
aminopeptidase in the BPR absent group. Serum amylase 
levels had no significant difference between the two groups. 
Although amylase levels in the bile extracted from the 
common bile duct and the gallbladder were markedly 
raised, there was no significant difference between the two 
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Discussion 


In AAPBD it seems that two-way regurgitation including 
pancreaticobiliary reflux and BPR may occur. Pancreati- 
cobiliary reflux has been confirmed by the higher concen- 
tration of pancreatic enzymes in the bile of patients with 
\APBD*™. As noted in previous reports, regurgitation of 
pancreatic juice into the biliary tract may induce acute or 
chronic inflammation of the bile duct, which is supported by 
histopathological studies of the biliary tract’’. On the other 
hand, there has been little clinicopathological evidence of 
BPR in AAPBD, since it is difficult to evaluate the dynamics 
of bile flow. There have been some reports describing 
pancreatic duct reflux during operative cholangiography tor 
patients with biliary disease'* >. However, most patients 
examined in these studies had gallstones without AAPBD. 
In addition, this imaging technique does not necessarily 
represent the physiological state of the pancreaticobiliary 
system because the intraluminal pressure of the pancreati- 
cobiliary duct is increased by the injection of contrast. 
Recently, IVC-SCT has been reported to be useful for 


preoperative biliary investigation. The great advantage of 





a 3-year-old boy 


b 


17-year-old girl 


Fig. 2 Biliopancreatic reflux on spiral computed tomography combined with intravenous infusion cholangiography in two patients with 


an anomalous arrangement of the panc reaticobiliary duct. The main pancreatic duct is shown by arrows. a A 3-year-old boy with 


fusiform dilatation of the common bile duct. b A 17-year-old girl with cystic dilatation of the common bile duct 
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Table 2 Comparison of radiographic and biochemical values in patients with and without biliopancreatic reflux 





Values are meanis.e.m.). BPR, biliopancreatic reflux. “Student's 7 test; +Fisher’s exact test; _Mann—-Whitney two-sample test 


this modality is its ability to produce high-quality images 
without respiratory artifacts and provide more anatomical 
detail of the biliary tract than conventional intravenous 
infusion cholangiography. Contrast materials in IVC- 
SCT are absorbed by the hepatocytes and excreted into the 
bile after intravenous injection. Biliary visualization is based 
on these pharmacokinetics'®. Therefore, IVC-SCT is 
considered to reflect more dynamic and physiological bile 
flow than operative cholangiography. 

In this study, six of 15 patients with AAPBD showed BPR. 
Hyperamylasemia was observed more frequently in patients 
in whom BPR was absent. It is hypothesized that 
hyperamylasaemia in patients with AAPBD is caused by 
cholangiovenous reflux'”’'*. The present findings suggest 
that the regurgitation of pancreatic juice into the biliary 
system may induce hyperamylasaemia in patients who have 
AAPBD without BPR. Moreover, the trend towards higher 
levels of the marker enzymes of cholestasis in patients 
without BPR suggests that bile drainage from the bile duct 
into the duodenum may be smoother in patients with BPR 
than in those without BPR. 

‘The pancreas-to-vertebra ratio was significantly higher 
in patients who did not show BPR. Although it remains to be 
confirmed whether pancreatic enlargement in SCT relates 
to acute pancreatitis, it is notable that one patient without 
BPR had acute pancreatitis. Further investigation is 
necessary to determine the correlation between acute 
pancreatitis and pancreas swelling. 

A positive pressure gradient from the pancreatic duct to 
the bile duct has been reported in patients without 
AAPBD'’. The sphincter mechanism is disturbed in 
patients with AAPBD, which allows two-way regurgitation 
into the pancreaticobiliary duct, and this study revealed that 
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BPR could occur against the pressure gradient of the 
pancreaticobiliary system in some patients with AAPBD. 
Although further studies are necessary to determine the 
correlation between BPR and any clinical manifestations, 
these findings could be useful in further elucidating the 
pathophysiology and bring new insights into the bile flow 
dynamics of the pancreaticobiliary system in patients with 
AAPBD. 
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Transoesophageal echocardiography shows high risk of gas 
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Background: The ultrasonically activated scalpel (UAS) enables safe and effective laparoscopic tissue 
dissection, making hepatic resection feasible. This study compared blood loss and risk of gas embolism 
using the UAS during open hepatic resection and laparoscopic hepatic resection. 

Methods: Female pigs were divided into two groups for laparoscopic (7 = 7) and open (n = 5) left 
hepatic lobectomy. The UAS was used for both tissue cutting and coagulation. Laparoscopic liver 
resection was performed under carbon dioxide pneumoperitoneum (intraperitoneal pressure 
12 mmHg). During surgery animals were monitored haemodynamically by an arterial line and Swan- 
Ganz catheter. Two-dimensional transoesophageal echocardiography (2D-TEE) was used to detect gas 
emboli with special attention to the right atrium and ventricle. Gas emboli were graded according to 
size, and correlated with haemodynamic and blood gas data. 

Results: During open and laparoscopic hepatic resection the UAS resulted in minimal blood loss and 
effective tissue dissection. No air embolism was seen during open surgery. With laparoscopic hepatic 
resection 2D-TEE revealed gas embolism in all animals. Gas embolism was accompanied by cardiac 
arrhythmia in four of seven animals. No direct correlation was observed between embolism episodes 
and blood gas variables. There were no deaths after episodes of embolization. A significant decrease in 
arterial partial pressure of oxygen was seen at the end of the laparoscopic procedure in all animals. 
Conclusion: The UAS causes minimal blood loss during both open and laparoscopic hepatic resection. 
Laparoscopic liver dissection under carbon dioxide pneumoperitoneum carries a high risk of gas 


embolism. 
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introduction 


Laparoscopic surgery has rapidly become an extensively 
used technique. Besides cholecystectomy and operations on 
the gastrointestinal tract, resection of solid organs such 
as the adrenal glands, kidneys and spleen has been 
performed'”*. Laparoscopic partial hepa tectomy, however, 
presents unique anatomical difficulties and surgical chal- 
lenges. A major problem is haemostasis in the plane of 
transection. The management of haemorrhage from large 
intrahepatic vessels or deep dissection, which is necessary to 
maintain visual control of the operating field, is sometimes 
difficult. In the past few years new laparoscopic instruments 
that apply novel energy forms have decreased the risk of 
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operative blood loss and made effective laparoscopic 
hepatic dissection feasible’?! | 

Carbon dioxide embolization during laparoscopic partial 
hepatectomy, as well as in other laparoscopic procedures, is 
a potentially lethal complication'*'”. The most likely 
aetiology, aside from accidental placement of the Veress 
needle into a vessel during initial insufflation, is venous 
laceration during laparoscopic dissection. Because of the 
specific hepatic anatomy, the risk of gas embolism after 
venous injury while dissecting the liver parenchyma under a 
pneumoperitoneum is thought to be enhanced. This 
hypothesis, however, has never been precisely tested. 

In this experimental study the safety of tissue cutting and 
coagulation using an ultrasonically activated sca Ipel (UAS) 
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was compared in open versus laparoscopic liver resection, 
along with an evaluation of gas pulmonary embolization. 


Materials and methods 


Female Troll pigs (7 = 12; 81-92 kg) were maintained 
under standardized conditions and received humane care in 
compliance with the institution’s guidelines and according 
to veterinary law. They were deprived of food overnight but 
allowed free access to water before surgery. Animals were 
divided into two groups for laparoscopic (z = 7) and open 
(n = 5) left lateral hepatic resection. General anaesthesia 
was induced with intramuscular ketamine 20 mg/kg and 
xylazine 4 mg/kg followed by intravenous etomidate 
0-2 mg/kg and fentanyl 0-02 mg/kg. After tracheotomy 
animals were intubated and mechanically ventilated with a 
positive end-expiratory pressure (5 cmH,QO) at a tidal 
volume of 15 ml/kg using a mixture of oxygen and air 
(fraction of inspired oxygen 0-6). The respiratory rate was 
adjusted to achieve an end-tidal carbon dioxide level of 20- 
35 mmHg, after which minute ventilation remained fixed. 
Pancuronium bromide 0-1 mg/kg was given for neuromus- 
cular paralysis and repeated every 45 min. 

The right carotid artery and the right internal jugular 
vein were surgically exposed and cannulated (16-G), and a 
flow-directed pulmonary arterial Swan-Ganz catheter 
(Baxter, Irvine, California, USA) was placed in the 
pulmonary artery. All animals were monitored and haemo- 
dynamic variables (cardiac output (CO), heart rate (HR), 
mean arterial blood pressure (MAP), central venous 
pressure (CVP), pulmonary arterial pressure (PAP), pul- 
monary wedge pressure (PWP), arterial partial pressure of 
oxygen (pO,), arterial partial pressure of carbon dioxide 
(pCO3)) and blood gas variables were recorded repeatedly. 
A two-dimensional transoesophageal echocardiography 
(2D-TEE) probe (5-7 MHz multiplane TEE probe, 
Vingmed System 5, GE, Horten, Norway) was inserted 
via an oesophagotomy with special attention to the right 
atrium (RA), right ventricle (RV) and right ventricular 
outflow tract (RVOT). Gas bubbles were defined as 
echogenic particles that moved with blood flow. Gas emboli 
were graded according to size by TEE (Table 1), and 
correlated with haemodynamic and blood gas data. All TEE 
images were videotaped and correlated with surgical events. 
Videotaped TEE images were evaluated after operation 
twice (by two investigators). 

In the laparoscopy group a minimal open laparotomy was 
performed in the central mid-abdomen to insert the 
laparoscope and create the carbon dioxide pneumoperito- 
neum (intraperitoneal pressure 12 mmHg). The pig was 
positioned semilaterally and three more 10-mm_ ports 
(Ethicon, Cincinnati, Ohio, USA) were inserted subcostally 
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Table 1 Staging of gas embolism detected by two-dimensional 
transoesophageal echocardiography 





RA, right atrium; RV, right ventricle; RVOT, right ventricular outhow 
tract 


on the anterior axillary line, the midclavicular line, and in 
the epigastrum for left lateral liver resection. Before hepatic 
dissection the CVP was adjusted to 12 mmHg (according to 
the intraperitoneal pressure) and maintained during the 
resection. Parenchymal dissection of the left lateral hepatic 
lobe was performed with the UAS (UltraCision™, 
Smithfield, Rhode Island, USA). No vascular inflow 
occlusion was performed. Larger bile ducts (diameter 
more than 2~3 mm) and branches of portal or hepatic 
veins were clipped. The resected specimen was placed in a 
nylon bag and delivered via an extension of the anterior 
axillary incision. In the open group a transverse abdominal 
incision was performed and left lateral lobectomy of the 
liver was carried out as described above. The resected 
surface of the liver was observed for at least 30 min to 
document the efficacy of haemostasis. At the end of the 
surgical procedure the blood loss during resection was 
measured in the suction bag followed by lethal intracardiac 
injection of saturated potassium chloride solution. 

Data were expressed as mean(s.d.). The Mann-Whitney 
U test and Fisher’s exact test were used to determine 
statistical differences between the groups. P < 0-05 was 
considered significant. 


Results 


In open left lateral lobectomy of the liver the exclusive 
application of an UAS enabled effective tissue dissection 
with minimal blood loss. No additional method was needed 
for haemostasis, even from a deeper transection plane. 
Haemodynamic and blood gas variables were stable 
throughout the intervention. There were no episodes of 
cardiac arrhythmia in the open group. During the surgical 
procedure no air embolism was detected by 2D-TEE. 
During laparoscopic liver resection gas embolism was 
detected echocardiographically (Fig. 1) in all animals 
(P = 0-001 versus open surgery, Fisher’s exact test). 
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Fig. 1 | wo-dimensional transoesophageal echocardiography showing the right atrium (RA), left atrium (LA) and right ventricular 


outtlow tract (RVOT). Arrows indicate air entering the RVOT 


Episodes of embolism ranged from seven up to 20 per 
procedure. Movement of carbon dioxide emboli trom the 
RA to the RV was easily seen. The detected emboli were 
classified entirely as stage I (56 per cent) or H (44 per cent), 
i.e. all emboli were smaller than half the diameter of the RA 
or RV. 


emboli within seconds: no carbon dioxide emboli were 


Che right heart cavities cleared all carbon dioxide 


noted in the left heart cavities. In four of seven animals at 
least three episodes of gas embolism were accompanied by 
cardiac arrhythmias. In each case the arrhythmia was short 
lived and resolved spontaneously, without need for medical 
intervention. Lachyeardiac arrhythmias predominated and 
were characterized by frequencies of between 180 and 250 
beats per min. In one case a bradycardiae arrhythmia (35 
beats per min) was seen. [he corresponding gas emboli 
were classified as stage Il. Cardiac arrhythmias were 
observed only during episodes of gas embolism. ‘Gas 
lock’, meaning acute cardiocirculatory failure with ineffec- 
tive contraction of the cardiac chambers due to fulminant 
pulmonary embolism, was not observed. Embolism did not 
occur during creation of the pneumoperitoneum. The CVP 
was increased to correspond with the intraperitoneal 
pressure of 12 mmHg. Episodes of embolism were detected 
with the CVP above and below the intraperitoneal pressure. 

No correlation between episodes of embolism and blood 
gas variables could be established. At the beginning of the 


laparoscopic procedure and the creation of carbon dioxide 
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Fig. 2 Arterial partial pressure of carbon dioxide (pCQO>) during 
the course of laparoscopic (pneumoperitoneum created at 0 min) 
and open liver resection. Values are mean(s.d.). *P < 0-05 versu 
start of laparoscopic operation and versus Open group at same 


timepoint (Mann-Whitney U rest) 


pneumoperitoneum there was a significant increase 
(P < 0-05) in pCO, (Fig. 2) and PWP, accompanied by a 
significant decrease in pH and CO. PAP increased, but 
changes were not statistic lly significant. MAP and HR did 


not change (Table 2). No immediate changes in any of the 
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Table 2 Barometric and haemodynamic effects of laparoscopic and open liver lobectomy in pigs at the start of the operation and 


after 90 min 
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Values are mean(s.d.). Animals in laparoscopic group had pneumoperitoneum and intraperitoneal pressure of 12 mmHg. *P < 0-03 versus start of 
laparoscopic resection and versus open resection at 90 min (Mann-Whitney U test} 


above variables correlated directly with an episode of 
embolism. As the carbon dioxide pneumoperitoneum was 
created and during the course of laparoscopic left lateral 
liver lobectomy, there was a significant linear decrease in 
pO; (Fig. 3). No immediate change in pO? occurred with 
any episode of gas embolism. Investigation of videotaped 
TEE images revealed that gas embolism took place 
throughout all phases of the dissection but was observed 
predominantly with surgical manoeuvring ina deeper plane 
of parenchymal transection. The exclusive application of an 
UAS during the laparoscopic procedure, as in the open 
procedure, enabled effective tissue dissection with little 
blood loss. No additional thermic method was required to 
guarantee haemostasis, even from a deeper plane of 
transection. Control of haemorrhage was more difficult to 
achieve with laparoscopic than open liver resection and it 
was also more difficult to achieve in deeper planes of 
transection. The operative time in the laparoscopic 
lobectomy group (90(/4) min) was significantly longer 
than that in the open group (61(8) min). There were no 
significant differences in intraoperative blood loss (168(55) 
versus 186(62) ml for laparoscopic versus open operation 
respectively), haemoglobin levels or perioperative compli- 
cations. 


Discussion 


With the development and improvement of laparoscopic 
instruments that use novel energy forms for tissue dissec- 
tion, the spectrum of liver disease in which laparo- 
scopic intervention can be performed safely has been 
extended™! 11518-24, For patients with hepatic malignancy 
accompanied by reduced liver function, laparoscopic 
surgery may result in a better operative outcome than 


2002 Blackwell Science Ltd 


pO, (mmHg) 





75 
Operating time (min) 


Fig. 3 Arterial partial pressure of oxygen (PO) during the course 
of laparoscopic (pneumoperitoneum created at 0 min) and open 
liver resection. Values are mean(s.d.). *P < 0-05 versus start of 
laparoscopic operation and versus open group at same timepoint 
(Mann-Whitney L test) 


open surgery. Moreover, the laparoscopic procedure allows 
liver resection in patients with advanced cirrhosis and 
evidence of liver failure, in whom open surgery might be 
contraindicated??? t. Although the reduction in intraopera- 
tive trauma results in faster postoperative recovery of the 
patient, haemostasis and embolism are two problematic 
areas associated with laparoscopic liver surgery. 

In this study an UAS for laparoscopic left liver lobectomy 
enabled effective tissue dissection with minimal blood loss. 
No significant differences were found between intraopera- 
tive blood loss or haemoglobin levels during laparoscopic 
and open surgery. Control of haemorrhage was more 
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difficult during laparoscopic than open surgery owing to the 
lack of tactile response and the limitations of exposure. 
Hand-assisted laparoscopic liver surgery might help to 
overcome this problem by facilitating effective retraction of 
the liver parenchyma, thereby improving visual control 
of the operative field’’?". It might also simplify the 
management of major intraoperative complications such 
as bleeding from a deeper plane of transection. To prevent 
major bleeding, clamping of the portal triad is now widely 
used???" This could be difficult when performed 
laparoscopically and hand assistance might facilitate the pro- 
cedure. Clamping the portal triad during a pneumo- 
peritoneum could have a significant impact on haemo- 
dynamics, causing deteri om tion of important cardiovascular 
variables (e.g. CO, MAPY ' 

In this study venous gas seubaleseen occurred in all 
animals during laparoscopic liver resection under carbon 
dioxide pneumoperitoneum. Using 2D-TEE, which is 
the most sensitive method for the detection of venous 
emboli", between seven and 20 embolic episodes per 


animal were detected. These emboli were smaller than half 


the diameter of the RA or RV but, besides short reversible 
cardiac arrhythmia, no direct correlation between gas 
embolization and cardiorespiratory events was seen. 

Pathophysiological effects of gas embolism are due to the 
transient accumulation of gas in the pulmonary arterioles. 
Besides the nature of the gas, the consequences depend on 
the volume as well as the rate of gas entry”, Slow infusion of 
air is known to occlude the pulmonary circulation, and to 
cause an instant increase in PAP and a progressive decrease 
in peripheral resistance. This may be compensated for by an 
increase in CO, which when it fails will result in 
hypotension. Intravenous injection of a large air bolus 
instead can produce an ‘air lock’, meaning complete 
mechanical obstruction of the right heart cavities causing 
acute hypotension or even heart arrest’ 

Venous embolism of carbon Toui the gas used 
predominantly in laparoscopic surgery, is know n to cause 
fewer haemodynamic changes than air or oxygen’, 
owing to the high solubility of carbon dioxide in Sigua. 
The clinical impact of carbon dioxide embolism during 
laparoscopy might therefore be limited and the post- 
operative course relatively benign. Continuous intra- 
venous insufflation of carbon dioxide can cause diffusion of 
other gases (mainly oxygen) into the carbon dioxide 
emboli*!, which could significantly extend the time needed 
for embolism absorption and may be responsible for the 
permanent injuries and deaths reported after carbon dioxide 
embolism’! +E, Acute hypoxaemia paralleled by hypo- 
capnia, as is seen in fulminant air embolism during open 
surgery, is rare in carbon dioxide embolization during 
pneumoperitoneum. Moreover, the pneumoperitoneum 


British Journal of Surgery 2002, 89, 870-876 www.bjs.co.uk 


S. Mierdl, H. Bauer, ©. Gutt and E. Hanisch 


interferes with the potential haemodynamic effects due to 
carbon dioxide embolism, complicating the clinical diag- 
nosis. 

The significant decrease in pO; during the early course of 
laparoscopic liver lobectomy is thought to be caused by the 
creation of pneumoperitoneum. No immediate change in 
pO; due to a single episode of gas embolism was observed. 
Whether the decrease in pO, might have been reinforced by 
relapsing episodes of zas embolism remains speculative. 
Neurological damage due to a paradoxical gas embolism 
could not be evaluated since the animals were killed before 
regaining consciousness. In patients with advanced chronic 
liver disease direct ultra pulmonary arteriovenous shunting 
is not uncommon. Hopkins et a/.” reported that 47 per cent 
of patients with cirrhosis had right-to-left shunts. The 
finding that the majority of embolic episodes are not 
clinically significant is consistent with results of other 
studies that used T to detect gas emboli during 
laparoscopic surgery’"°*", To produce a significant 
haemodynamic effect, detectable by means other than 
TEE, a large amount of carbon dioxide must enter the 
venous circulation’*, Such severe gas embolism is rare. This 
study does, however, reveal that episodes of minor gas 
embolism during laparoscopic hepatic resection occur 
surprisingly often with a carbon dioxide pneumoperito- 
neum. 

To reduce the risk of carbon dioxide embolism, an 
increase in CVP to a level permanently exceeding the 
intraperitoneal pressure may seem appropriate. 
Intraoperative blood loss during liver resection, however, 
correlates directly with CVP*. Lowering CVP during open 
surgery is an effective way of reducing bleec ling of the 
dissected liver, therefore improving morbidity and mor- 
tality rates**°, Minimizing the risk of a potentially 
hazardous embolism means performing surgery without 
pneumoperitoneum. Mechanical systems that lift the 
abdominal wall?*76-?5}-55 might solve this problem. This 
would avoid the risk of carbon dioxide embolism (but not 
that of air embolism) and reduce adverse haemodynamic 
and respiratory effects caused by conventional pneumo- 
peritoneum. The physiological benefit is achieved at the 
expense of surgical exposure, which might increase the 
difficulty of haemorrhage management. A combination of 
low-pressure pneumoperitoneum with abdominal wall 
lifting systems, to ie good surgical exposure, may be 
a satisfactory solution’? 
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Background The postoperative complications and functional outcome following 24 consecutive 
implantations of an artificial anal sphincter were assessed prospectively. 

Methods: A total of 24 artificial anal sphincters (Acticon Neosphincter®) were implanted in 22 patients 
(mean age 47 years). The mean follow-up period was 28 (range 6—48) months. Results were assessed 
prospectively by two independent observers at 4-month intervals. The cumulative probability of 
artificial anal sphincter removal was analysed by the Kaplan-Meier method. 

Results: Five patients were free of complications. During the postoperative period, complications 
occurred in nine patients, two of whom required reoperation. During follow-up, complications 
developed in ten patients, nine of whom were reoperated. Definitive device explantation was necessary 
in seven patients. The cumulative probability of device explantation was 44 per cent at 48 months. The 
15 patients with functioning implants were followed up for a mean of 26 (range 7-48) months. 
Continence grading improved from a mean of 18 (range 14-20) in the preoperative period to 4 (range 0- 
14) after operation (P < 0-001). Resting anal canal pressure in patients with a functioning implant 
increased from a mean of 35 (range 8-87) mmHg before operation to 54 (range 34-70) mmHg after 
implantation (P < 0-01). 

Conotusion: An artificial anal sphincter is a useful alternative for refractory faecal incontinence but the 
incidence of late postoperative complications is high. 
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Introduction 


A number of surgical procedures are available for treatment 
of patients with severe faecal incontinence when conven- 
tional surgical repair is not indicated or has failed’. Artificial 
anal sphincter implantation is a relatively recent procedure*”, 
The Acticon Neosphincter® (American Medical Systems, 
Minneapolis, Minnesota, USA) artificial bowel sphincter 
has been developed from the artificial urinary sphincter. It 
consists of an inflatable cuff positioned around the upper 
anal canal, a pressure-regulating balloon that is placed deep 
in the pelvis to maintain cuff closure, and a pump that is 
placed in the scrotum or labium to empty the cuff for 
defaecation. The Acticon® device has been tested in a 
limited number of European and North American centres, 
usually in a small number patients with varying follow-up 
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intervals and inconclusive results™®. To date, therefore, 
limited data regarding patient outcomes after surgical 
placement of the device are available. In this prospective 
study the complications and functional outcomes following 
implantation of the Acticon® device for severe anal 
incontinence are reported. 


Patients and methods 


Between November 1996 and January 2000, 22 patients 
(five men and 17 women) with a mean age of 47 (range 17- 
72) years with severe faecal incontinence underwent 
artificial bowel sphincter implantation. They had been 
incontinent for a mean period of 18 (range 2-39) years. 
Incontinence resulted from neuropathy (n = 5), anal atresia 
(n = 3), perineal trauma (n = 3), direct sphincter disruption 
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from operative trauma (7 = 4) or obstetric injury (7 = 6), 
and Steinert’s myotonic dystrophy (#7 = 1), All patients had 
previously been treated with conservative therapy (diet and 
medical treatment). Biofeedback was used in 12 patients 
and 17 patients had undergone previous surgical proce- 
dures in an attempt to alleviate their incontinence. These 
included perineal repair in eight patients, sphincteroplasty 
in five and graciloplasty in one. Two patients had a 
colostomy to manage their symptoms. All patients pro- 
vided written informed consent after being advised of the 
experimental nature of the procedure. The study protocol 
was approved by the institutional review board of the 
participating hospitals. 

Before operation the degree of incontinence was 
quantified using the Cleveland Clinic Florida 20-point 
incontinence scoring system”. This scale takes into account 
the frequency and type of incontinence (to flatus, liquid, 
solid stool; need to wear pads; and the impact of 
incontinence on lifestyle). Scores range from 0 (total 
continence) to 20 (the most severe incontinence). To 
obtain reliable data regarding faecal incontinence, each 
patient was required to complete the incontinence ques- 
tionnaire daily over a month. The severity of preoperative 
faecal incontinence was not assessed in patients with a 
colostomy. Other investigations included anorectal mano- 
metry, pudendal nerve terminal motor latency measure- 
ment, and transanal ultrasonography with a 7-MHz 
transducer (B & K Medical, Gentofte, Denmark). The 
preoperative phase included complete colonic preparation 
and antibiotic and deep venous thrombosis prophylaxis. 
The technique for implantation of the <Acticon 
Neosphincter® has described previously”. 
Operations were performed by two colorectal surgeons 
(GLO. and J.V.R.). Activation and use of the device 
occurred at 8 weeks after healing of the wound. Pre- 


been 


existing stomas were closed electively 2 months after 
activation of the device. 

Postoperative results were assessed prospectively by two 
independent observers at 4-month intervals. The closing 
date of the study was 30 November 2000 to ensure a 
minimum follow-up of 6 months for the last patient 
included. The mean follow-up from the operation to the 
closing date was 28 (range 6-48) months. Implant removal 
and failure to accept implantation of another device was an 
exclusion criterion for follow-up assessment. Complica- 
tions related to operations or to the implanted devices were 
recorded. In patients in whom an appropriate level of 
continence was not obtained, plain radiographs were taken 
to assess the correct alignment of the system. The efficacy 
of the procedure was evaluated after operation by 
improvement in the continence grading scale as recorded 
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by the patient at each follow-up visit and anorectal 
manometric assessment, 


Statistical analysis 


x" test (with Yates’ correction when necessary), two-tailed 
Fisher's exact probability test and calculation of relative 
risks with 95 per cent confidence intervals were applied for 
comparison of complications and reoperations during 
follow-up. Preoperative and postoperative manometric 
data and severity of incontinence were compared with the 
Wilcoxon signed rank test. The cumulative probability of 
removal of the device was analysed by the Kaplan—Meier 
method. 


Results 


Complications during the immediate postoperative period 
or at follow-up occurred in all but five patients. 


Postoperative complications 


Nine patients had complications in the postoperative 
period. Perineal and abdominal haematoma in four patients 
and perineal wound dehiscence in three was treated 
successfully with conservative measures. The remaining 
two patients had perineal infection and explantation of the 
system was required. 


Complications at follow-up 


Ten patients developed a total of 11 complications, and ten 
surgical operations were required in nine patients. Refilling 
of the cuff was required in one patient at 28 months of 
follow-up. Migration of the pump at 3 months after 
impdantation occurred in one patient and required reopera- 
tion. Three patients presented with perineal pain at 3, 12 
and 15 months after operation. The first was treated 
successfully with analgesics, but explantation of the device 
was required in the remaining two patients. One patient 
presented with incontinence due to unbuttoning of the cuff 
at 1Qand 12 months of follow-up; reoperation was required 
on two occasions, the first to rebutton the cuff and the 
second for explantation and placement of a new device. Five 
patients developed cutaneous erosion and exteriorization of 
the tubes or the cuff. A patient with exteriorization of the 
tubes at 34 months required reoperation, with debridement 
and suture of the wound. In four patients with exterioriza- 
tion of the cuff at 4, 6, 6 and 46 months, explantation of the 
device was performed. 
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Fig. 1 Cumulative probability of device retention. ABS, artificial 
bowel sphincter 


Explants and reimplants 


Explantation of the device was necessary in eight patients. A 
new Acticon Neosphincter® was reimplanted in two 
patients, one of whom had perineal infection in the early 
postoperative period and another who had unbuttoning of 
the cuffat 12 months of follow-up. The latter patient finally 
presented with skin erosion and exteriorization of the cuff 
6 months later and the device was explanted. Therefore, at 
the end of the study a total of 24 artificial anal sphincters had 
been implanted. Definitive explantation of the device was 
necessary on nine occasions in a total of seven patients. The 
cumulative probability of explantation of the device was 44 
per cent at 48 months (Fig. 1). 

There were no statistically significant differences in the 
number of complications that developed during the early 
postoperative period and at follow-up. However, the 
number of surgical reoperations carried out as a result of 
complications was significantly higher at follow-up than in 
the immediate postoperative period (relative risk 0.19 (95 
per cent confidence interval 0-05 to 0-78); P < 0-005). 


Functional outcome 


Functional outcome was assessed in the 15 patients with a 
functioning implant. The mean follow-up was 26 (range 7- 
48) months. Total continence was achieved in only four 
patients (Table 1). Fourteen patients achieved total con- 
tinence for formed stool and only one patient experienced 
rare episodes of incontinence. However, several patients 
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Table 1 Functional outcome in 15 patients with a functioning 
implant (Cleveland Clinic Florida 20-point incontinence scor- 
ing system) 





Rarely, less than once per month; sometimes, less than once per week, 


once or more per month; usually, less than once per day, once or more 
per week; always, once or more per day 


had problems related to continence of liquid stool and 
flatus, as a result of which four patients had to wear pads and 
two patients considered that these events caused alterations 
in their lifestyle. Continence scores improved from a mean 
of 18 (range 14-20) before implantation to 4 (range 0-14) 
after operation (P < 0-001). Of the five patients with the 
worst results, the original diagnosis was anal atresia in three, 
Steinert’s myotonic dystrophy in one and neuropathy with 
anal pain that required the use of analgesics in one. 

Two patients required laxatives and enemas owing to 
difficulties with evacuation. Resting anal pressure in 
patients with a functioning implant increased from 35 
(range 8-87) mmHg before operation to 54 (range 34- 
70) mmHg after operation when the cuff was inflated 
(P < 0.01). 


Discussion 


This study reports one of the two largest series” of patients 
with an Acticon Neosphincter® to date. As in previous 
published studies, none of the patients died. The causes of 
incontinence, duration of symptoms and number of patients 
who had previous unsuccessful surgery were similar to those 
reported by others’. 

The number of patients with minor postoperative 
complications recorded in this study was also similar to 
that reported in three previous studies*”°. However, the 
actual frequency of postoperative complications is difficult 
to ascertain. Lehur et al.* reported urinary tract infection as 
a complication, whereas postoperative haematoma and 
emptying difficulties were not taken into account. In 
contrast, the rate of urinary tract infection was not 
mentioned in the remaining reports’. Similarly, faecal 
impaction occurred in the early postoperative period in 
some studies” but was not mentioned in others’. 

The large number of serious complications that devel- 


oped during follow-up was a striking finding of the present 
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Table 2 Complications, explants, reimplants and surgical reoperations in published literature 





“Involving anal cuff, connecting tubes, pump; tcuff leak, balloon rupture, pump leak, painful implant site. Surgical reoperation in the postoperative 
period; §reoperation during follow-up. n.a., Not assessed 


Table 3 Functional outcome in published literature 





Values are “mean (range) or tmeants.d.). {Cleveland Clinical Florida Scale; American Medical Systems Incontinence score. n.a., Not assessed 


Table 4 Mean resting anal canal pressure in published literature 


mmHg? 





Values are "mean, tmean (s.d.) or Emean (range) 


study. These included infection, rupture of the cuffandloss Staphylococcus aureus. According to these findings, the 
of function of the device, skin erosion with exteriorization of authors suggested the need to detect and institute treatment 
different components of the system and perineal pain. A for this pathogen both in patients and in staff members 


comparison of these complications between various pub- before operation. 
lished series is shown in Table 2. The rate of complications All series reported a high reoperation rate and a 
in most of these series was similar. Itshould be noted thatin significant proportion of patients had explantation of the 


the study by Malouf et a/.” there was a high rate of infection device. In two series’* as well as the current study, 
that in all cases was caused by methicillin-resistant operations for placement of a new device were performed, 
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However, excluding the series by Wong et a/.’, the number 
of patients in whom definitive explantation of the device was 
necessary was high. 

In the current study, as in others, significant improve- 
ments ın continence and anal canal pressures after 
implantation of the neosphincter were recorded (Tables 3 
and 4). However, comparison with other reports is difficult 
because the number of patients was small and different 
continence grading scales were used. Improvements in anal 
canal pressure generated after implantation of the cuff are 
difficult to compare owing to different laboratory reference 
values. Continence to solid (formed) stool was achieved in 
most patients evaluated in the different series. However, in 
most of the studies there was a significant number of 
patients with incontinence to liquid stool and flatus, who 
needed to wear pads and use astringent medication. 
Implantation of an artificial anal sphincter should therefore 
be recommended only for patients with severe incontinence 
to solid stool. 

One of the problems documented in all series was 
obstructed defaecation. The cause of this problem remains 
unclear, although it may have occurred because the cuff 
closure was too tight*. A short duration of the time of cuff 
opening before it refills from the reservoir has been also 
suggested’. For this reason the routine use of laxatives or 
microenemas has been recommended*. Nevertheless, in 
another series’ half of the patients were treated with 
antidiarrhoeal medication to improve continence. It may 
be possible that the use of some medication should be 
planned according to the patient’s symptoms before 
operation. 

In summary, this study of 22 patients with a mean follow- 
up of 28 months indicated that the Acticon Neosphincter® 
represents an alternative treatment for faecal incontinence 
that allowed re-establishment of continence to solid stool, 
although complete continence was achieved in only a few 
patients. However, the frequency of complications both in 
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the immediate postoperative period and at follow-up, and 
the number of reoperations required, was very high. 


Acknowledgements 


The authors thank Dr Marta Pulido for editing the 
manuscript and editorial assistance. 


References 


1 Madoff RD, Baeten CGMI, Chnstansen J, Rosen HR, 
Williams NS, Heine JA et al Standards for anal sphincter 
replacement. Dis Colon Rectum 2000, 43: 135-41 

2 Lehur PA, Michot F, Denis P, Grise P, Leborgne J, Temere P 
etal Results of artificial sphincter in severe anal incontinence. 
Report of 14 consecutive implantations. Dis Colon Rectan 1996; 
39: 1352-5. 

3 Wong WD, Jensen LL, Bartolo DCC, Rothenberger DA. 
Artificial anal sphincter. Dis Colon Rectum 1996, 39: 1345-51. 

4 Lehor PA, Roig JV, Duinslaeger M. Artificial anal sphincter: 
prospective clinical and manometric evaluation. Du Colon 
Rectum 2000; 43: 1100-6 

5 Malouf AJ, Vaizey CJ, Kamm MA, Nicholls RJ. Reassessing 
artificial bowel sphincters. Lencet 2000; 355: 2219-20. 

6 O’Brien PE, Skinner S. Restoring control: the Acticon 
Neosphincter® artificial bowel sphincter in the treatment of 
anal incontinence. Du Colon Recturrn 2000; 43: 1213-16. 

7 Vaizey CJ, Kamm MA, Gold DM, Bartram CI, Halligan S, 
Nicholls RJ. Clinical, physiological, and radiological study of a 
new purpose-designed artificial bowel sphincter. Lancet 1998; 
352: 105-9. 

8 Dodi G, Melega E, Masin A, Infantino A, Cavallari F, Lise M. 
Artificial bowel sphincter (ABS) for severe faecal incontinence: 
a clinical and manometric study. Colorectal Dis 2000, 2: 207-11. 

9 Jorge JMN, Werner SD Etiology and management of fecal 
mcontinence. Dis Calon Rectum 1993; 36: 77-97. 

10 Savoye G, Leroi: AM, Dems P, Michot F. Manometnic 
assessment of an artificial bowel sphincter. Br 7 Surg 2000, 87: 
586~9. 


www.bys.co uk Britsh Journal of Surgery 2002, 89, 877-881 


Original article 


Permanent sacral nerve stimulation for treatment of idiopathic 


constipation 


N. J. Kenefick, R. J. Nicholls, R. G. Cohen and M. A. Kamm 


St Miark’s Hospital, Watford Road. Harrow HAL 3UJ, UK 
Correspondence to: Professor M. A. Kamm (e-mail: kamm@ic.ac.uk) 


Background: Constipation can usually be managed using conservative therapies. A proportion of 
patients require more intensive treatment. Surgery provides variable results. This paper describes an 
alternative approach, in which the neural control of the bowel and pelvic floor is modified, using 
permanent sacral nerve stimulation. 

Methods: Four women (aged 27-36 years), underwent temporary and then permanent stimulation. All 
had idiopathic constipation, resistant to maximal therapy, with symptoms for 8-32 years. Clinical 
evaluation, bowel diary, Wexner constipation score, symptom analogue score, quality of life 
questionnaire and anorectal physiology were completed. 

Results: There was a marked improvement in all patients with temporary, and in three with permanent, 
stimulation, Median follow-up was 8 (range I-11) months. Bowel frequency increased from 1-6 to 6-28 
evacuations per 3 weeks. Improvement occurred, at longest-follow-up, in median (range) evacuation 
score (4 (0-4) versus 1 (0-4)), time with abdominal pain (98 (95-100) versus 12 (0-100) per cent), time 
with bloating (100 (95-100) versus 12 (5-100) per cent), Wexner score (21 (20-22) versus 9 {1-20)), 
analogue score (22 (16-32) versus 80 (20-98)) and quality of life. Maximum anal resting and squeeze 
pressures increased. Rectal sensation was altered. Transit time normalized in one patient. 

Conclusion: Permanent sacral nerve stimulation can be used to treat patients with resistant idiopathic 


constipation. 
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Introduction 


Constipation affects between 3 and 15 per cent of the 
general population at any one time’. Patients may 
experience a combination of decreased bowel frequency, 
difficulty in evacuation, abdominal pain and bloating, and 
often have a significantly impaired quality of life. In clinical 
terms it can be usefully defined as two or fewer spontaneous 
bowel movements per week, or straining for at least a 
quarter of the time’. In physiological terms patients can be 
classified as either having a prolonged whole-gut transit 
time”, a disorder of pelvic floor coordination leading to 
impaired rectal evacuation * or a combination of the two. 
Organic and drug-associated causes account for a minority 
of patients, with the majority having idiopathic functional 
constipation. 

Conventional treatment for idiopathic constipation 
initially involves dietary modification and pharmacological 
agents. These treatments can be associated with side-effects 
and results are often unsatisfactory’. Behavioural therapy, 
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including biofeedback techniques, is usually only available 
at specialist centres; it will improve some patients. 
However, there remains a significant proportion of patients 
in whom conservative treatment fails’. In these patients 
surgical treatment may be considered. Surgical options for 
constipation involve either bowel resection or the forma- 
tion of a stoma. Subtotal colectomy and ileorectal 
anastomosis 1s the most widely accepted surgical procedure. 
However, this has a significant associated morbidity with 
one-third of patients developing diarrhoea, 10 per cent 
remaining constipated and 10 per cent eventually progres- 
sing to a permanent ileostomy in the long term”. While a 
colostomy may relieve some of the symptoms of constipa- 
tion it is not an attractive option for most patients, and 
symptoms of abdominal pain and bloating may remain’. 
Because of these limitations of conventional surgical 
treatment, an alternative surgical approach associated with 
less morbidity and reversibility would offer advantages. 
Modulating the neural control of bowel motility and pelvic 
floor function might offer such an approach for this 
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functional condition. The concept of stimulating the nerve 
supply to the large bowel, to produce a physiological effect, 
was first applied therapeutically by Brindley’’, who inserted 
anterior sacral nerve root electrodes in patients with chronic 
spinal injury and associated bladder and bowel dysfunction. 
This treatment requires short stimulation at a high voltage. 
Patients with normal sensation would not tolerate such high 
voltages. After permanent implantation of anterior sacral 
nerve stimulators in patients with chronic spinal cord injury, 
high-pressure peristaltic waves could be induced electri- 
cally, and were associated with bowel evacuation!" 

In contrast to this approach, it may be possible to modify 
the neural activity of the innervation to the bowel and pelvic 
floor by applying a much lower-amplitude chronic stimula- 
tion, applied via electrodes through the sacral foramina. 
This technique, known as sacral nerve sumulation, has been 
applied successfully to the treatment of detrusor irritability 
and urinary retention’*"*, and most recently faecal incon- 
tinence!S-i8. 

In patients treated for urological disorders with chronic 
sacral nerve stimulation, a concomitant effect on bowel 
function has been noted. In a series of 250 permanent sacral 
nerve stimulator implants for bladder dysfunction 48 
patients had coexistung symptoms of constipation. 
Retrospectively collected data from 36 of these patients 
showed that 78 per cent experienced a coincidental increase 
in bowel frequency and subjective improvement in defaeca- 
tion (M. Stosser, unpublished data). Matzel et a/.'® reported 
the first use of sacral nerve stimulation to alter bowel 
motility in three patients treated successfully for resistant 
faecal incontinence. Several further studies have confirmed 
the beneficial clinical effects of both temporary and 
permanent sacral nerve stimulation in patients with faecal 
incontinence resistant to maximal conventional ther- 

15,17,19,20 

Although this technique has been successful in both 
urinary retention and incontinence and resistant faecal 
incontinence, there has been little evaluation of its use 
primarily for constipation. Two studies have reported the 
effects of temporary stimulation. The first involved 
temporary stimulation for 3 weeks via a percutaneous 
electrode, and demonstrated a symptomatic improvement 
in two of eight patients with slow-transit constipation’?. 
Transit time did not normalize in any of these patients. Ina 
second report ten patients complaining of difficulty with 
rectal evacuation underwent temporary stimulation for 
7 days**. Bowel frequency was reduced with stimulation, 
but difficulty with rectal evacuation, time for evacuation and 
number of unsuccessful attempts at defaecation all 
decreased. The number of patients who felt improved was 
not clear. 
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This report is the first to explore the value of this 
treatment with permanent stimulation. Four patients with 
chronic idiopathic constipation, resistant to maximal 
conventional therapy, underwent temporary and then 
permanent sacral nerve stimulaton. 


Patients and methods 


Patients with severe idiopathic constipation were consid- 
ered for treatment if they had failed to respond to mammal 
conventional therapy including laratıves and biofeedback 
therapy. Eligible patients had to have a bowel frequency of 
two or less per week and straining for more than a quarter of 
the time, for a minimum of 1 year. Exclusion critena 
included previous abdominal surgery, hysterectomy, 
current or planned future pregnancy, and significant 
psychological disturbance (as judged clinically by the 
investigators). 

Before any intervention the patients underwent thorough 
clinical investigation, including colonoscopy and procto- 
graphy if required, to exclude other correctable causes of 
constipation, and a transit study. Whole-gut transit time 
was measured by a validated method involving the ingestion 
of three sets of radio-opaque markers on consecutive days 
and plain abdominal radiography at 120 h after ingestion of 
the first set of markers”. 

Suitable patients underwent temporary implantation for 
3 weeks. Patients whose pretreatment bowel frequency at 
least doubled, who experienced a subjective improvement 
and had no complications during temporary stumulation 
were offered a permanent implant. 

During all assessment (diary) periods, that is before 
treatment, during and after temporary stimulation, and 
during permanent implantation, patients were allowed only 
a ‘rescue’ laxative of 15 mg oral bisacodyl not more than 
each third day. This was taken only 1f needed, and recorded 
in the diary. 

A bowel diary was completed, Wexner constipation and 
symptom analogue scores were measured, and quality of life 
assessment and anorectal physiological testing were under- 
taken before stimulation, at the end of 3 weeks of temporary 
stimulation, 1 month after temporary stimulation, before 
permanent implantation, and at 1, 3 and 6 months after 
permanent implantation. 

A 3-week bowel diary documenting bowel frequency, 
difficulty with rectal evacuation, the presence and degree of 
abdominal pain and bloating, and laxative use was 
completed. Difficulty in evacuation was scored from 0, 
indicating no difficulty, to 4, indicating severe difficulty. 
The severity of constipation was assessed using the Wexner 
constipation score’*. This questionnaire assesses different 
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aspects of bowel function and generates a score from 0 (no 
symptoms) to 30 (worst symptoms). Patients were also 
asked to assess the overall severity of their symptoms on a 
visual analogue scale (best score 100, worst 0). 

The effect of treatment on quality of life was assessed 
using the Short Form (SF) 36 health status su rvey ‘This 
questionnaire consists of eight domains that assess impact of 
disease on physical and mental well-being. 

Anal manometry was performed using a stationary pull- 
through technique with an eight-channel water-perfused 
system (MMS, Enschede, The Netherlands), which 
recorded maximal anal resting pressure and maximal 
squeeze pressure as the increment above resting pressure’ ®. 
Rectal sensation to balloon distension with air at threshold, 
urge and maximum tolerated volume were recorded. Anal 
and rectal electrosensation to standard stimuli (5Hz, 0-1 ms 
and 10 Hz, 0.5 ms respectively) were recorded using a 1-cm 
bipolar ring electrode mounted ona 10-Fr catheter (Dantec 
21L10, Neuromatic 2000 M/C current stimulator; Dantec 
Dynamics, Bristol, UKY”. 

The Harrow research ethics committee approved the 
study and all patients gave informed consent. Owing to the 
small number of patients results are presented in full, and 
were not analysed statistically. 


Operative technique 


The surgical procedure for temporary and permanent sacral 
nerve stimulation has been described previously'””*, 
‘Temporary electrodes were placed under general anaes- 
thesia as a day-case procedure. Initially a 20-G, 89-mm, 
insulated spinal needle was inserted bilaterally into the S2, 
53 and $4 foramina. A portable stimulator (Medtronic 
3625; Medtronic, Minneapolis, Minnesota, USA) was used 
to elicit the best physical response of the pelvic floor and 
great toe to the lowest stimulus, judged both visually and 
electromyographically as the strongest contraction, indi- 
cating the optimal foramen for temporary stimulation. A 
helical percutaneous wire (Medtronic 3057) was inserted 
through the needle, connected to the portable stimulator 
and fixed carefully to the skin. Screening was performed for 
a 3-week period after which the wire was removed without 
analgesia as an outpatient procedure. 

Permanent electrodes (Medtronic 3080) were placed 
surgically and secured into the same foramen as the previous 
temporary electrode under general anaesthesia. The 
impulse pulse generator (Medtronic 3023) was placed in 
the ipsilateral buttock, rather than the anterior abdominal 
wall, as earlier patients treated for incontinence had 
experienced pain related to the connecting wires over the 
iiac crest. This also decreased the operative time, as there 
was no requirement to turn and redrape the patient. All 
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procedures were performed as a one-stage operation with 
prophylactic antibiotic cover. 


Results 


Four women, aged 27, 35, 36 and 36 years, underwent 
successful temporary percutaneous sacral nerve stimulation 
over a 3-week screening period, and subsequent permanent 
implantation. Two of these patients were included in a 
previous study of eight patients who underwent temporary 
stimulation’; these two patients showed a good clinical 
response to temporary stimulation and were therefore 
included in this study of permanent stimulation. The 
preoperative duration of symptoms was 8, 20, 28 and 
32 years, and all patients had failed maximal treatment. All 
were on regular varied laxatives with a bowel frequency, on 
laxatives, of two or less per week. Whole-gut transit time 
was prolonged in two patients (patients 1 and 2) and normal 
in the other two (patients 3 and 4). A proctogram performed 
in the latter two patients showed delayed evacuation only. 


Symptoms 


Temporary 3-week screening 

Screening was performed for 3 weeks (range 21-22 days) 
and was beneficial in ai] patients. There were no complica- 
tions or lead dislodgements. During screening the bowel 
frequency increased from 1, 6, 1 and 5 evacuations per 
3-week period to 9, 13, 13 and 10 respectively (Fig. 1). The 
score for ease or difficulty in evacuation decreased from 0, 4, 
4 and 4 before to 0, 1, | and 3 with temporary stimulation. 
‘There was an improvement in the percentage time with 
abdominal pain and bloating (Fig. 2), the Wexner constipa- 
tion score (Fig. 3) and the patient symptom analogue score 
(Fig. 4). During screening no patient required laxatives. 
‘Temporary screening wires were removed after 21 days 
without complication. 

Patient evaluation was continued for the 3-week period 
after screening following removal of the temporary 
stimulation wire. Percentage time with abdominal pain 
and bloating and symptom analogue scores all returned to 
baseline values within 2-3 days after cessation of stimula- 
tion (f7gs 2 and 4). Bowel frequency and laxative use also 
returned to baseline levels over the 3-week period. 


Permanent implantation 

The median time between temporary screening and 
permanent implantation was 9 (range 1-16) months. Al 
patients underwent permanent implantation without 
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Fig. 1 Bowel frequency in four patients before sacral nerve 
stimulation; on the lest day of a 3-week period of temporary 
sumulation (percutaneous nerve evaluation, PNE); after 
temporary screening, with no stumulation, before permanent 
implantation, and 1, 3 and 6 months after permanent 
implentation 

l 

complication. The median operative time was 70 (range 60- 
100) min and patients were discharged at a median of 3 
(range 2—4) days after operation. 

-The clinical effects of temporary sacral nerve stimulation 
were reproduced with permanent stimulation in three 
of -the four patients, at a median follow-up of 8 
(range 1-11) months (Figs 1-4). There was no deteriora- 
tion ın clinical benefit over time. Patient 4 underwent 
permanent implantation without complication with initial 
benefit, but was involved in a major road traffic accident 
I-week after surgery. This caused movement of the 
implanted electrode and a return to baseline levels. This 
patient is currently being treated with adjustment of the 
electrode settings that allows for some flexibility, but may 
require surgical replacement of the lead. 

All patients used regular laxatives before stimulation. 
None of the three patients with symptomatic improvement 
required laxatives during permanent stimulation. 

Quality of life assessment was performed with the SF-36 
health survey questionnaire. There was an improvement in 
all subscales, except health-transition, with both temporary 
and permanent stimulation. 
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Time wth pan and bloating (9) 





Fig. 2 Percentage time with ebdomunal pam and bloating 
(percentage of each 3-week period) in four patients before sacral 
nerve stimulation; on the last day of a 3-week period of temporary 
stimulation (percutaneous nerve evaluation, PNE); after 


temporary screening, with no stimulation, before permanent 
implantation; and 1, 3 and 6 months after permanent implantation 


Anorectal physiological and transit studies 
Anorectal physiological testing showed a number of changes 
with both temporary and permanent stimulation. Anal 
manometry demonstrated a possible increase in maximal anal 
resting pressure, from median (range) 75 (52-99) cmH20 
before stimulation to 91 (72-114) cmH0O with permanent 
stimulation, and maximal incremental squeeze pressure 
from 42 (32-102) to 63 (40-119) cmH,0. Rectal sensation 
to distension improved, such that smaller volumes were 
required to elicit threshold sensation (median (range) 59 
(45—71) versus 38 (30-45) ml air) and urge sensation (115 
(90-185) versus 85 (50-90) ml air), and maximum tolerated 
volume decreased (157 (130-245) versus 125 (63-130) ml 
air). Rectal and anal sensation to electrical stimulation also 
improved; lower amplitudes were required to elicit anal 
threshold electrosensation (median (range) 6-4 (4-6- 
8-6) mA before versus 2-9 (2-6-6-0) mA with permanent 
stimulation) and rectal threshold electrosensation (29 (16— 
32) versus 14 (12-30) mA). 

At baseline, before temporary stimulation, transit time 
was normal in two patients and slow in two. Transit time 
was remeasured in the latter two patients. With permanent 
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Wexner constipation score 


Fig. 3 Wexner constipation score (best, 0; worst, 30) in four 
patients before sacral nerve stimulation; on the last day of a 
3-week period of temporary stimulation (percutaneous nerve 
evaluation, PNE); after temporary screening, with no 
stimulation, before permanent implantation; and 1, 3 and 

6 months after permanent implantation. A Wexner score was not 
obtained on patients | and 2 during PNE 


stimulation the transit time normalized in one patient (30 of 
60 retained markers before compared with none after 
sumulation} but remained slow in the other patient (37 
versus SO). 


Stimulation parameters 


Permanent stimulation was applied unilaterally to the §3 
foramen in two patients and the $2 foramen in two patients. 
The foramen that had given the maximum acute response 
during electrode insertion, and which subsequently gave a 
good symptomatic response over the 3-week screening 
period, was selected for permanent stimulation. 

Stimulation parameters were set at frequency of 14 Hz, 
pulse width 210 us and amplitude to the threshold level of 
sensation, for 3-week screening and chronic stimulation. 
The median (range) stimulation amplitude was 1-7 
(0-4-2-0) V. Stimulation was continuous with no deactiva- 
tion for defaecation. 

To assess whether different stimulation parameters may 
influence bowel function, four different stimulation fre- 
quencies were used in the first two patients with a 
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Fig. 4 Patient symptom analogue score (best, 100; worst, 0) in 
four patients before sacral nerve stimulation; on the last day of a 
3-week period of temporary stimulation (percutaneous nerve 
evaluation, PNE); after temporary screening, with no 
stimulation, before permanent implantation; and 1, 3 and 

6 months after permanent implantation 


permanent implant (5, 10, 25 and 50 Hz), each for a 
3-week period after permanent implantation. No difference 
was observed in any of the parameters measured and the 
clinical outcome was not affected. Therefore chronic 
stimulation was set as for temporary screening. 


Discussion 


This study has demonstrated that permanent sacral nerve 
stimulation results in symptomatic improvement in patients 
with severe constipation. All patients had severe symptoms, 
had failed maximal conservative therapy and were con- 
sidering the formation of a colostomy. With both tempor- 
ary and permanent stimulation, patients experienced an 
increased bowel frequency, improved ease of evacuation, 
and improved associated symptoms of abdominal pain and 
bloating. Quality of life was also improved. 

The beneficial clinical effect of temporary stimulation 
was reproduced in three patients with permanent stimula- 
tion. The fourth patient benefited with temporary, and 
initially with permanent, stimulation, but most likely 
dislodged the permanent electrode owing to trauma. A 
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placebo response cannot be excluded as the cause of these 
three patients’ symptomatic improvement. The return to 
pretreatment symptoms of constipation in the period 
between temporary and permanent stimulation, however, 
suggests that stimulation is responsible for symptom 
improvement. The authors have previously undertaken a 
double-blind assessment of the value of subthreshold 
stimulation and placebo in two patients with ent 
sacral nerve stimulation for faecal incontinence”’, in which 
there was a clear response to active stimulation only. A 
similar study would be helpful in these patents with 
constipation. 

This study involved a small group of patients. The 
authors believe that this kind of treatment should be not be 
widely applied to patients with constipation but should be 
restricted to patients who have failed other treatments, have 
major symptoms and are psychologically suited to inter- 
vention. This represents only a very small proportion of all 
patients. 

Temporary stimulation is a minimally invasive pro- 
cedure, of low morbidity, that was performed as a day-case 
procedure, but can be performed under local anaesthesia. It 
appears to provide a method of determining whether sacral 
nerve stimulation will be effective, before surgical inter- 
vention. However, a larger number of patients needs to be 
assessed and treated to determine its true positive predictive 
value. On removal of the temporary stimulation all clinical 
variables returned rapidly to baseline levels. 

Implantation of a permanent sacral nerve stimulator is a 
relatively minor procedure, particularly compared with 
other surgical procedures for constipation, such as col- 
ectomy. The main risk is of infection of the implant, this risk 
is minimized by the use of prophylactic antibiotics, a one- 
stage technique with all material being implanted at the 
same operation, and the operative site being remote from 
the bowel. There were no operative complications in this 
series. 

The stimulation parameters were set to the same levels 
used for faecal incontnence, with the amplitude determined 
by patient sensation. Altering the frequency did not appear 
to affect the clinical outcome; however, this was only tested 
in two patients for a 3-week period at each frequency. 
Further studies on the effect of different stimulation 
parameters are warranted. 

Studies in patients with faecal incontinence have sug- 
gested that chronic stimulation has an effect on internal and 
external anal sphincter function, as well as anal and rectal 
motility’*"%'", Similar findings were seen in this study; 
there was an improvement in resting and squeeze pressures, 
and increased rectal sensitivity to distension and electrical 
stimulation. This suggests that stimulation had an effect on 
both afferent and efferent nerve fibres in these patients. 


© 2002 Blackwell Science Lad 


Whether these physiological effects, or the clinical benefit 
seen in patients with idiopathic constipation occur via the 
same mechanism as that in patients with faecal incontinence 
is not known. 

The long-term effect of chronic low-amplitude stimula- 
tion on the structures being innervated is unclear. Although 
animal studies have shown that chronic sacral nerve 
stimulation can alter the proportion of type I and type IZ 
muscle fibres in pelvic floor striated muscles, the effect on 
visceral structures is unknown. The mechanism by which 
sacral nerve stimulation modifies rectal and anal function in 
patients with idiopathic constipation also remains to be 
elucidated. 

In this study patients both with slow transit, and normal 
transit with impaired evacuation, were helped. The number 
of patients with slow transit was too small ın this study to 
evaluate the effect on transit. In contrast to the study of 
temporary stimulation that showed no improvement in 
bowel frequency”’, in the present study the three improved 
patients experienced an increase in bowel frequency and no 
longer required laxatives. Further studies are required to 
determine whether patents with predominately slow- 
transit constipation or those with mainly an impaired 
ability to evacuate will benefit most from stimulation. 

The literature contains many references to a variety of 
anatomical abnormalities that have been associated with 
symptoms of constipation, including non-relaxing pubo- 
rectalis, internal prolapse or enterocele. The authors regard 
these findings as subjective; they overlap with slow transit, 
and have varying incidence depending on the measurement 
techniques used. Patients were therefore not assessed for 
these factors as part of the present study. 

The total cost of the equipment required for temporary 
and permanent sacral nerve stimulation is approximately 
£7000. The permanent stimulator accounts for the majority 
of this. In contrast, the total cost of subtotal colectomy is at 
least £5000. However, the operation is associated with a 
success rate of approximately 50 per cent and there is 
considerable morbidity®. In patients with permanent 
complete spinal cord injury a permanently implanted 
nerve stimulator is cheaper than long-term bowel care, 
with the operative technique coming into superior financial 
advantage at about 5 years’’. 

Permanent sacral nerve stimulation appears to be a 
beneficial treatment for patients with severe symptoms of 
intractable constipation that has not responded to con- 
servative treatments. As well as improved bowel frequency 
and ease of defaecation, symptoms of abdominal pain and 
bloating were improved. This study, reporting the initial 
results in a small group of patients, has shown that this 
technique may have future potential in an area in which 
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current treatment is often unsatistactory. Larger long-term 
studies are now required. 
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Background: The use of short-course preoperative radiotherapy (25 Gy in five fractions over 1 week) in 
resectable rectal cancer reduces local recurrence but is associated with an increased risk of postoperative 
complications and late toxicity. This study aimed to identify those patients who are unlikely to benefit 
from short-course preoperative radiotherapy and the factors associated with acute toxicity. 

Methode All patients who received short-course preoperative radiotherapy at a university hospital in 
1998 and 1999 were included in this retrospective study. The association between complications 
occurring within 3 months and patient demographics, radiotherapy technique, surgical details and 
overall treatment time (OTT) was assessed by univariate and multivariate analysis. 

Results: The mortality rate at 30 days was 6 per cent in the 177 patients identified. Thirty-seven per 
cent of patients had either Dukes’ A tumours, surgically incurable disease or positive circumferential 
margins. One or more complications occurred in 38 per cent of patients. On multivariate analysis an 
OTT of more than 13 days (P = 0-03), age (P = 0-02) and length of the radiotherapy field (P = 0-05) 
were associated with an increased risk of complications. 

Conoluston: Surgery within 1 week of completing short-course preoperative radiotherapy improved 
preoperative staging and use of an optimal radiotherapy technique will result in fewer patients at risk of 
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Introduction 


Short-course preoperative radiotherapy (25 Gy in five 
fractions delivered over 5-7 days) has been shown to 
improve local control and increase overall survival in 
resectable rectal cancer’ *. The Swedish Rectal Cancer 
Trial showed a reduction in the 5-year local recurrence rate 
from 27 to 11 per cent and an increase in overall 5-year 
survival from 48 to 58 per cent when compared with surgery 
alone’. A recent literature-based meta-analysis of rendom- 
ized trials that compared preoperative radiotherapy 
(between 5 and 45 Gy in 1-25 fractions) with surgery 
alone in patients with resectable disease has also shown a 
statistically significant survival advantage favouring the 
addition of preoperative radiotherapy to surgery, with an 
odds ratio (OR) of death at 5 years of 0-84 (95 per cent 
confidence interval (c.i.) 0-72 to 0-98) (P = 0-03)*. 
However, the exact role of short-course preoperative 


radiotherapy remains controversial for several reasons. The 
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widespread introduction of subspecialization ın colorectal 
surgery together with total mesorectal excision (TME) has 
resulted in lower rates of local recurrence than were 
observed in the surgery-alone arm of the Swedish Rectal 
Cancer Trial”. In the Stockholm I and II trials, patients 
had lower rates of local recurrence if operated on oy 
surgeons who had been certified specialists for 10 years”. 
However, preliminary results of the Dutch TME trial 
suggest that, despite optimal surgery, the addition of short- 
course preoperative radiotherapy further reduces local 
recurrence. The local recurrence rate was 2 per cent at 
2 years compared with 8 per cent in patients treated by 
surgery alone’. 

The benefit of short-course preoperative radiotherapy in 
patients with Dukes’ A disease is uncertain. Although a 
detectable reduction in local recurrence was reported in 
patients with Dukes’ A tumours in the Swedish Rectal 
Cancer Trial, there were more patients with node-negative 
tumours in the irradiated group (68 versus 59 per cent; 
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P < 0-01)'. Based on data from this trial and the Uppsala 
trial, a downstaging effect following short-course pre- 
operative radiotherapy has been reported when the time 
between the first day of radiation and surgery, otherwise 
known as overall treatment tme (OTT), is greater than 
10 days'*. This may have implications for the recom- 
mendation of adjuvant treatment. In the Dutch TME trial, 
no such effect was seen as the majority of patients (90 per 
cent) had an OTT of 10 days or less'!. 

Patients found to have metastatic disease at operation are 
unlikely to benefit from short-course preoperative radio- 
therapy. Similarly, the risk of local recurrence in patients 
who have involved circumferential margins following short- 
course preoperative radiotherapy and surgery is not 
reduced, and they may benefit from a prolonged preopera- 
tive fractionation. Further radiotherapy given after opera- 
tion is not recommended as the risk of permanent morbidity 
is extremely high: Svoboda etal.” reported an incidence of 
late complications of 84 per cent in patients who received a 
combined preoperative (20 Gy in four fractions over 2- 
3 days) and postoperative (20-40 Gy in 2-Gy fractions) 
treatment compared with 17 per cent in patients receiving 
the preoperative regimen alone. 

Central to all these controversies is the potentially 
increased rate of acute and late toxicity seen with short- 
course preoperative radiotherapy. In the Stockholm I trial 
of short-course preoperative radiotherapy and the Rectal 
Cancer Group/Imperial Cancer Research Fund Trial, 
which used 15 Gy in three fractions over 5 days, the 
postoperative mortality rate was increased in the irradiated 
group’ ™!*, This was largely due to infective and cardiovas- 
cular complications in patients irradiated to a large volume 
using a two-field technique"'*"'>. In the Swedish Rectal 
Cancer Trial, in which patients were irradiated using three 
or four fields with an upper border at the L4—L5 vertebral 
level, compared with L1-L2 in the Stockholm I trial, the 
postoperative mortality rate was not increased but there was 
a greater incidence of perineal wound infection'®. Such an 
increase has also been described in other trials of short- 
course preoperative radiotherapy™' ®t? as well as in trials 
that used alternative preoperative fractionations!* 15-20, 

An increase in late complications has also been reported 
following short-course preoperative radiotherapy. An 
excess of thromboembolism, femoral neck and pelvic 
fractures, intestinal obstruction and postoperative fistula 
in the irradiated group was reported in the Stockholm I and 
Stockholm I trials*!. The technique used in the former trial 
was, as noted above, suboptimal and included irradiation of 
the inguinal nodes thereby including the head and neck of 
both femurs. Despite the use of modern radiotherapy 
techniques in the Swedish Rectal Cancer Trial, patients 
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reported an increase in faecal incontinence and urgency”’, 
which may be explained by irradiation of the anal canal. 

A planned volume technique using a three- or four-field 
beam arrangement is the current recommendation based on 
experience from previous trials. The superior border of the 
volume should be at the level of the sacral promontory and 
the anal canal can be excluded for tumours more than 6 cm 
above the anal margin”, The lateral margins of the volume 
are placed 0-5-1-0 cm outside the pelvic side-wall thus 
sparing the femora from the high-dose volume. Shielding of 
the sacral plexus from the lateral beams may reduce the 
incidence of acute sacral plexopathy”*. Despite these 
modifications, there is still a potential for increased early 
and late toxicity, and it is therefore appropriate to avoid 
short-course preoperative radiotherapy in patients who are 
unlikely to benefit. 

The aim of this retrospective study was twofold: first, to 
identity the proportion of patients who were unlikely to 
benefit from short-course preoperative radiotherapy 
(Dukes’ A tumours, metastatic or unresectable disease, 
positive circumferential margin) and, second, to identify 
factors that may be related to acute or postoperative 
morbidity. 


Patients and methods 


Data collection 


All patients with resectable rectal adenocarcinoma referred 
for short-course preoperative radiotherapy to the Queen 
Elizabeth Hospital, Birmingham between 1 January 1998 
and 31 December 1999 were identified. Hospital notes, 
operation notes, histopathological reports and radiotherapy 
plans were examined to obtain the following information: 
age, sex, referring hospital, radiotherapy technique (beam 
energy, dimensions of posterior field, beam arrangement), 
surgical details (OTT, operation type, duration of admis- 
sion), pathological details (Dukes’ stage, circumferential 
margin) and mortality and morbidity within 3 months of 
short-course preoperative radiotherapy. 


Radiotherapy 


All patients were simulated before treatment. In a minority 
of cases two paralle. opposing fields were used to cover the 
treatment volume defined by the supervising radiotherapist. 
In the majority of cases three fields (one posterior and two 
posterior oblique or two lateral fields) were used. A 
radiation dose of 25 Gy in five daily fractions was prescribed 
to the intersection point over 5-7 days using megavoltage 
photons (5 or 8 MV). 
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Surgery 


Surgery was performed at one of eight referring units. The 
intended operation included TME in all patients. 


Morbidity 


For the purpose of this analysis complications were defined 
as those occurring within 3 months of the first day of 
radiotherapy. They were classified according to the 
diagnosis recorded in the clinical notes: wound (perineal 
or abdominal wound, dehiscence or infection requiring 
antibiotic treatment), pelvic sepsis (documented clinical 
evidence of sepsis from a pelvic source), anastomotic leak 
(with radiological confirmation), cardiovascular (myo- 
cardial infarction, unstable angina, stroke), thrombo- 
embolic (deep vein thrombosis, pulmonary embolus), 
haemorrhage (requiring pelvic packing and/or reopera- 
tion), pneumonia, tumour perforation, obstruction, fistula 
or not known (sudden death cause unknown). 


Statistical analysis 


Patients were categorized into two groups: those who 
experienced complications within 3 months of commenc- 
ing short-course preoperative radiotherapy and those who 
did not. These two groups were compared in terms of 
demographics, radiotherapy technique and surgical details. 
The x? test was used to compare the categorical variables 
sex, radiotherapy beam energy, radiotherapy technique, 
operation performed, circumferential margin status, 
Dukes’ stage and OTT (categorized as less than 10 days 
versus 10 days or more, less than 13 days versus 13 days or 
more, less than 20 days versus 20 days or more). The 
categories of OTT were based on the timing of surgery seen 
inthe Dutch TME trial’, the Swedish Recta! Cancer Trial'® 
and the Lyon R90-01 trial**. The Wilcoxon test was used 
for age, field length, field width, length of inpatient stay and 
OTT as a continuous variable. 

The combined effect of all the above variables was 
analysed by logistic regression; this included consideration 
of OTT as a continuous variable and in terms of the three 
categorizations. The regression analyses used a stepwise 
selection method to identify the most significant explana- 
tory variables with an entry criteria of P = 0-05 anda staying 
criteria of P = 0.05. 

All P values are two sided. P < 0-05 was considered 
statistically significant. 


Results 


One hundred and seventy-seven patients were referred from 
eight units during this interval. Demographic and radio- 
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therapy details were available in 176 patients (99 per cent), 
and surgical and pathological details in 175 patients (99 per 
cent). 

Of these 175 patients, 166 (95 per cent) underwent 
resection. Twenty-nine patients (17 per cent) were found to 
have Dukes’ A, 72 (41 per cent) Dukes’ B and 65 (37 per 
cent) Dukes’ C disease. The remaining nine patients (5 per 
cent) were explored but not resected owing to locally 
advanced or metastatic disease. A curative resection was 
performed in 159 patients (91 per cent): 140 (80 per cent) 
had negative circumferential margins and 19 (11 per cent) 
had involved margins. In addition, seven patients (4 per 
cent) had a palliative resection (Table 1). 

Within 3 months of commencing radiotherapy, 67 
patients (38 per cent) developed one or more complications 
(Table 2) including 15 deaths (9 per cent). Ten of these 
deaths (6 per cent) were within 30 days of surgery. 
Age (P = 0-01), radiotherapy field length (P = 0-05) and 
OTT (expressed as a continuous variable (P = 0-01), or 


Table 1 Surgical outcomes 





Values in parentheses are percentages. “In two patients both Dukes’ 
stage and resection type are missing 


Table 2 Complications occurring within 3 months of com- 
mencement of short-course preoperative radiotherapy 





Values in parentheses are percentages. Of 176 patients in whom 
information was available, 67 (38 per cent) experienced 75 
complications; 59 (34 per cent) experienced one complication and eight 
(5 per cent) experienced two complications 
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as categories less than 10 days versus 10 days or more 
(P = 0-03) or less than 13 days versus 13 days or more 
(P = 0.04)) were significantly associated with complications 
(Table 3). 

Logistic regression analysis (Table 4) selected age, OTT 
(expressed as less than 13 days versus 13 days or more) 


“ 


and radiotherapy field length as significant explanatory 
variables for the probability of complications. If OTT was 
considered as a continuous variable, it remained in the 
logistic regression model as a significant factor. 

OTT less than 13 days was associated with a decreased 
risk of complications (P = 0-03); the risk for an OTT of less 


Table 3 Univariate analysis of factors potentially associated with complications 
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Values in parentheses are percentages; tvalues are median (interquartile range, range). Data on operation type, surgical outcome and Dukes’ stage 
are missing for one patient with complications, and on overall treatment time for one patient without complications. {Wilcoxon test for continuous 


variables and x” test for categorical variables 


Table 4 Factors selected in logistic regression analysis 





Values in parentheses are 95 per cent confidence intervals 
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than 13 days was half that of a longer OTT (OR 0-50 
(95 per cent c.i. 0-26 to 0-95)). Increasing age (P = 0-02) 
was associated with complications, with the risk increas- 
ing by 4 per cent for every year of age. Increasing length 
of radiation field (P = 0-05) was also associated with risk 
of complications and this was independent of operation 
type. 

Patients with complications remained in hospital sig- 
nificantly longer than those without complications (median 
(interquartile range) duration of hospital stay 18 (14-32) 
versus 11 (10-14) days; P < 0-001). 


Discussion 


Although preoperative radiotherapy appears to improve 
survival compared with surgery alone, this benefit is not 
apparent ın patients with Dukes’ A tumours’. In the Dutch 
TME trial, short-course preoperative radiotherapy had no 
effect on local recurrence in patients with stage I and IV 
disease’. Similarly, an update of the Stockholm II trial 
showed that only patients undergoing curative resection 
benefited from short-course preoperative radiotherapy”?. 
The prognosis of those with metastatic or macroscopic 
residual disease was not altered’. If such patients were 
identified preoperatively, they could be spared the potential 
toxicity of short-course preoperative radiotherapy 

In this retrospective analysis, 29 patients (17 per cent) had 
Dukes’ A tumours and 16 (9 per cent) were incurable 
because of unresectable tumours or metastatic disease. A 
further 19 resected patients (11 per cent) had positive 
circumferential margins. If more accurate staging were 
available, the management of 37 per cent of patients would 
have been different. 

The accuracy of endorectal ultrasonography in pa 
ing T1 and T2 tumours is between 75 and 85 per cen 
Sumilar results have been reported with endoscopic ules 
sonography’’. At the other extreme, the accuracy of 
computed tomography (CT) ın detecting T4 tumours is 
81 per cent”®. In a review of preoperative staging, Heriot 
etal? recommended endorectal ultrasonography for early 
tumours, magnetic resonance imaging (MRI) for locally 
advanced tumours and ultrasonography or CT for assess- 
ment of the liver. Use of MRI can predict the rsk of 
circumferential margin involvement’, Therefore, with the 
routine preoperative use of endorectal or endoscopic 
ultrasonography and CT, and MRI ın appropriate cases, 
the selection of patients for short-course preoperative 
radiotherapy could be improved. 

The acute complication rate of 38 per cent in this study 1s 
comparable with that in the Swedish Rectal Cancer Trial’® 
as well as audit data from the North Trent region”’. Of the 
factors related to radiation technique, the irradiated field 
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length was the only significant co-variate. A similar finding 
has been reported in a Welsh retrospective audit’’. In the 
future, the use of conformal radiotherapy planning and 
delivery techniques may reduce the risk of toxicity. 

Several trials have reported an association between 

increasing age and postoperative morbidity and mortal- 
i sad at ‘th the Stockholm I trial, the 30-day mortality 
rate of patients receiving radiotherapy was 16 per cent for 
patients aged over 75 years, 5 per cent in younger patients, 
and 2 per cent in patients in both age groups who had 
surgery alone. This is consistent with the present finding 
that age is associated with an increased risk of complica- 
tions. Selection of elderly patients, particularly with respect 
to cardiovascular co-morbidity, 1s required. 

In the Lyon R90-01 randomized trial, which examined 
the effect of delayed surgery following preoperative radio- 
therapy, there was no difference in acute morbidity between 
operating at 2 weeks or 6-8 weeks following 39 Gy in 13 
fractions over 17 days**. However, these results may not be 


‘applicable to short-course preoperative radiotherapy. 


Surgery within 7 days of completing such radiotherapy is 
within the protocol for the ongoing Medical Research 
Council CRO7 trial’*. Only 12 per cent of patients in the 
Swedish Rectal Cancer Trial were operated on beyond this 
interval and no relationship between postoperative mortal- 
ity and OTT was seen’®. In the North Trent Audit there 
appeared to be an increased risk of pemneal wound 
breakdown in patients operated on more than 7 days after 
short-course preoperative radiotherapy (30 versus 15 per 
cent) but this did not reach statistical significance 
(P = 0.36)°'. In the present study, 44 per cent of patients 
were operated on beyond this interval and the risk of 
complications was significantly higher (P = 0-03). Similarly, 
in the Dutch TME trial, there was an increased post- 
operative mortality rate (4 versus 8 per cent; P = 0-02) in 
patients operated on after a delay of more than 3 days 
following completion of short-course preoperative radio- 
therapy’®. 

In summary, more accurate preoperative staging and 
improvement in radiotherapy technique may result in fewer 
patients at risk of acute complications. Surgery within 
1 week of completion of short-course preoperative radio- 
therapy reduces the risk of postoperative complications and 
avoids tumour downstaging. 
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Background: Anal sphincter surgery for faecal incontinence is associated with significant morbidity and 
a variable outcome. Sacral nerve stimulation may provide a good functional outcome with minimal 
morbidity. This paper reports the experience in a single centre over 5 years. 

Methods: Fifteen consecutive patients (14 women), median age 60 (range 37-71) years, underwent 
temporary, and subsequent permanent, stimulation. All had incontinence to solid or liquid stool; the 
aetiology was obstetric injury (seven patients), scleroderma (four), idiopathic (two), fistula surgery (one) 
and repaired rectal prolapse (one). Median duration of symptoms was 6 (range 2-15) years. Clinical 
evaluation, endoanal ultrasonography, bowel diary, quality of life questionnaire (Short Form (SF) 36) 
and anorectal physiological testing were performed before and after stimulation. 

Results: Continence had improved in all patients at median follow-up of 24 (range 3-60) months. 
Eleven patients were fully continent. Episodes of faecal incontinence decreased from median (range) 11 
(2-30) per week before stimulation to 0 (0-4) per week after permanent stimulation (P < 0-001). 
Urgency improved in all patients (median (range) ability to defer less than 1 (0-1) versus 8 (1-15) min; 
P = 0-01). ‘Social function’ and ‘role-physical’ subscales of the SF36 improved significantly. Mean 
resting pressure (35 versus 49 cmH2O with temporary stimulation; P < 0-05) and squeeze pressure 
increment (43 versus 69 cmH,O with permanent stimulation; P < 0-01) increased. Rectal sensitivity to 
initial distension changed (mean 47 versus 34 ml air; P < 0-05). There were no major complications. 
Conclusion: Sacral nerve stimulation is a safe and effective treatment for faecal incontinence when 
conventional treatment has failed. There is minimal morbidity. The benefit is maintained in the 


medium term. 
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introduction 


Faecal incontinence affects approximately 2 per cent of the 
adult general population’. Conservative management 
involves dietary advice, antidiarrhoeal medication and 
behavioural! therapy (biofeedback)*”’. While these measures 
will improve many patients there remains a proportion with 
resistant symptoms”, 

Anal sphincter surgery has been the focus of the approach 
in patients who have failed conservative treatments and in 
whom symptoms are severe. When there is disruption to the 
external anal sphincter, related to previous obstetric or 
other trauma, an overlapping sphincter repair produces a 
good symptomatic result in 70-80 per cent of patients in the 
short term’. However, in the medium term the results of 
sphincter repair deteriorate, with no patient maintaining 
full continence and only 50 per cent having improved 
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continence". Other newer surgical approaches such as the 
dynamic graciloplasty and artificial bowel sphincter can 
improve continence, but both procedures involve major 
surgery, and have a high associated morbidity and 
substantial failure rate’*. A permanent stoma is a further 
alternative. 

Because of the invasive nature of sphincter surgery, and 
the poor outcome in many patients, recent attention has 
focused on non-invasive or minimally surgically invasive 
therapies. Topical pharmacological agents that raise 
sphincter pressure’ or prevent sphincter relaxation may 
have a role in treating incontinence, but clinical efficacy 
has been established only in patients with an ileoanal 
reservoir”. 

An alternative approach involves modifying the nervous 
system that controls lower bowel, anal sphincter and pelvic 
floor function. Sacral nerve stimulation is a technique that 
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uses low-level electrical stimulation, applied via electrodes 
through the sacral foramina, to the nerves of the sacral 
plexus. This approach of neural modulation to treat a 
functional condition has been used safely and successfully 
fora number of years to treat urinary disorders’’. Following 
the observation that sacral nerve stimulation affected bowel 
function ın patients treated for urinary disorders, it was then 
applied to patients with faecal incontinence. In the first 
report of such use this technique was used successfully to 
treat three patients with chronic faecal incontnence 
resistant to conventional therapy’. Further studies have 
shown similar successful results in the short term with both 
temporary and permanent stimulation in small numbers of 
patients!*!”. This report highlights the results from one 
institution over 5 years in a consecutive series of patients 
with faecal incontinence treated with sacral nerve stimula- 
tion. 


Patients and methods 


Fifteen patients (14 women), median age 60 (range 37- 
71) years, underwent initial temporary stimulation, and 
then umplantation with a permanent sacral nerve stimulator 
between October 1996 and May 2001. All patients had 
faecal incontinence to solid or liquid stool at least twice per 
week and had failed to improve with maximal conventional 
treatment, including antidiarrhoeal agents and behavioural 
therapy (biofeedback). 

The median preoperative duration of symptoms was 6 
(range 2-15) years. The aetiology of incontinence was 
obstetric injury (n = 7), systemic sclerosis (n = 4), idio- 
pathic ( = 2), perianal fistula surgery (n = 1) and repaired 
recurrent complete external rectal prolapse (n = 1). Five 
patients had undergone previous anal sphincter repair but 
had persistent incontinence, despite either a partial or 
complete overlap of the external anal sphincter demon- 
strable on endoanal ultrasonography. No patient had a fully 
disrupted external anal sphincter but four patients had a 
disrupted or fragmented internal anal sphincter shown 
ultrasonographically. All patients had at least a demon- 
strable unilateral pudendal nerve terminal motor latency 
and in 13 patients ıt was norma! bilaterally. 

Before stimulation all patients had a full clinical assess- 
ment, completed a 3-week bowel habit diary and the Short 
Form (SF) 36 Health Survey quality of life assessment'®, and 
underwent endoanal ultrasonography’? and anorectal 
physiological tesung. The diary, quality of life assessment 
and anorectal physiological testing were repeated during 
the last day of temporary stimulation, with the temporary 
electrode still m srtu, and at 3, 6 and 12 months and then 
annually after permanent implantation. 
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Physiological testing included anal manometry, rectal 
sensation to balloon distension at threshold, urge and 
maximal tolerated volume, anal and rectal electrosensory 
testing, and determination of pudendal nerve terminal 
motor latency. Manometry was performed using an eight- 
channel water-perfused system (MMS, Enschede, The 
Netherlands) by a stationary pull-through technique that 
assessed both maximum resting anal pressure and maximum 
squeeze pressure. The latter was recorded as the maximum 
voluntary increment above resting pressure’’. Rectal 
sensation was tested to balloon distension with arr. Anal 
and rectal sensation to electrical stimulation were tested 
using a l-cm bipolar ring electrode mounted on a 10-Fr 
catheter. Stimulation parameters were 5 Hz, 0-1 ms and 
increasing amplitude for anal sensation, and 10 Hz, 0-5 ms 
and increasing amplitude for rectal sensation’’. Pudendal 
nerve terminal motor latency was recorded with the St 
Mark’s glove electrode’. 


Operative technique 

The surgical technique and equipment for temporary and 
permanent sacral nerve stimulation have been described 
previously”*. Modifications are described here. Preliminary 
temporary screening ın a previous study** had employed a 
percutaneous electrode (Medtronic 004; Medtronic 
Interstim, Minneapolis, Minnesota, USA) with a portable 
temporary stimulator (Medtronic 3625). However, this had 
occasionally displaced from the sacral foramen during 
the temporary screening period. For this reason four of the 
earlier patients underwent temporary screening with a 
surgically implanted fixed sacral electrode (Medtronic 
3080), connected to an external non-implanted battery 
stimulator. The subsequent 11 patients underwent tem- 
porary screening using a percutaneous needle and newly 
developed helical wire electrode (Medtronic 3057) which 
had less tendency to dislodge. In these 11 patients the 
temporary electrode was removed before one-stage perma- 
nent implantation. 

Patients proceeded to permanent implantation if there 
was at leasta 50 per cent improvement in continence, judged 
by episodes of faecal incontinence, and no serious 
complications. The first nine patients were implanted 
with a permanent impulse generator (Medtronic 3023) 
placed in the anterior abdominal wall, superficial to the 
rectus muscle. Three patients experienced pain over the 
connecting wires that had been tunnelled subcutaneously 
over the iliac crest. For this reason the impulse generator 
was placed below the superficial fascia in the buttock, 
ipsilateral to the permanent electrode, in the last six 
patients. This also decreased operative time, as there was 
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no requirement to turn and redrape the patient during 
surgery. 

Prophylactic intravenous cefuroxime, metronidazole and 
gentamicin were administered at the onset of surgery. 
Gentamicin solution was used to soak all implanted 
equipment. Cephalexin and metronidazole were adminis- 
tered orally for 3 days after operation. 

The Harrow Research Ethics Committee granted ethical 
approval for this study and all patients gave informed 
consent. Statistical analysis was performed with the 
Wilcoxon paired rank sum test. 


Results 


Clinical data 


Continence had improved in all patients at a median follow- 
up of 24 (range 3-60) months. In all patients the initial 
benefit was maintained at final follow-up (Table 1). Eleven 
of 15 patients were fully continent at longest follow-up. 
Episodes of faecal incontinence decreased from median 
(range) 11 (2-30) per week before stimulation to 0 (0-7) and 
0 (0-4) per week after temporary and permanent stimula- 
tion respectively (P < 0-001) (Table 1). The symptom of 
urgency improved in all patients: median (range) ability to 
defer defaecation less than 1 (0-1) min before stimulation 
versus 8 (1-15) min at time of longest follow-up (P = 0-01). 

‘Temporary screening was performed for a median of 21 
(range 7—42) days. Permanent implantation was performed 


Table 1 Clinica! effect of sacral nerve stimulation 





PNE, percutaneous nerve evaluation. *P < 0-001, +P < 0-01, EP < 0.05 
versus baseline (Wilcoxon signed rank test) 
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at a median of | (range 1-4) month after removal of the 
temporary electrode. All 15 patients responded to tem- 
porary stimulation, with no failures, and this was repro- 
duced with permanent implantation (Table 1). The median 
time spent as an inpatient for permanent implantation was 4 
(range 2—5) days. 

There was an improvement in all subscales, except health 
transition, of the SF36 quality of life questionnaire 
(Table 2). This was statistically significant (P < 0-05) in 
the role-physical and social function subscales. 


Physiological testing 


Anal manometry showed a significant increase in maximum 
anal resting pressure during temporary stimulation 
(mean(s.d.) 35(17) cmH,O before stimulation 
49(21) cmH,O after temporary stimulation; P < 0-05). 
Although this increase was maintained with permanent 
stimulation (41(19) cmH,QO) it was not statistically sig- 
nificant (P = 0-2). There was a significant increase in 
maximal squeeze pressure increment during stimulation: 
mean(s.d.) 43(40) cmH»O before stimulation versus 
74(47) cmH O with temporary stimulation (P < 0-01) and 
69(449) cmH,O with permanent stimulation (P < 0-05). 
The threshold of rectal sensation to balloon distension 
became more sensitive with permanent stimulation: 
mean(s.d.) 47(19) ml air before stimulation versus 
34(15) ml air after permanent stimulation (P < 0-05). 
Other physiological variables did not change significantly 
during temporary or permanent stimulation (Table 3). 


VOFSUS 


Stimulation parameters 


Based on the optimal response to stimulation during initial 
temporary electrode placement, stimulation was applied 
unilaterally to the S3 foramen in 14 patients and to the $4 


Table 2 Short Form 36 quality of life assessment 





Values are median(s.d.). *Median 24 months. +P < 0-05 versus baseline 
(Wilcoxon signed rank test) 
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foramen in one patient. The same foramen was later used 
for permanent stimulation. 

Temporary stimulation was supplied by a portable 
stimulator (Medtronic 3625) at frequency of 15 Hz, pulse 
width 210 us, continuous mode and amplitude at the 
threshold of patient sensation. Permanent stimulation was 
supplied by the implanted pulse generator (Medtronic 
3023) set with the same stimulation parameters. The 
median amplitude, usually just above sensory threshold, 
was 1-9 (range 0-1-5-0) V. Minor modifications to stimula- 
tion amplitude and polarity of the four stimulation points 
were necessary in some patients to achieve the optimal 
clinical effect. The stimulation was not turned off for 
defaecation. 


Complications 


There were no major complications or infections of 
permanent implants and no implants have had to be 
removed. One patient who was taking corticosteroids had 
a superficial skin infection during percutaneous screening 
that resolved after removal of the temporary electrode; 
permanent implantation proceeded 1 month later. 
Permanent lead dislodgement occurred in two patients, 
one at 3 days after operation and one at | year. Both were 
early in the series and the leads were replaced surgically with 
good result. Three patients experienced pain at the iliac 
crest over the subcutaneous connecting wires. This resolved 
with repeated local anaesthetic and steroid injections and 
did not occur in the later implants to the buttock. 

Some patients occasionally experienced minor localized 
electric shocks when passing through ambient electrical or 
magnetic fields. Deactivation of the pulse generator magnet 
within the permanent stimulator, but not the stimulator 
itself, eliminated this problem. 


Discussion 
This study has demonstrated that sacral nerve stimulation 


results in marked symptomatic improvement in patients 


Table 3 Anorectal physiology results 


with severe faecal incontinence of varying aetiologies. All 
patients had severe symptoms, had failed maximal conven- 
tional therapy and were considering the formation of a 
colostomy. With both temporary and permanent stimula- 
tion all patients experienced a marked improvement in 
continence and an increased ability to defer defaecation. 
The majority were fully continent and this beneficial effect 
did not deteriorate with time. 

There was a significant improvement in quality of life as 
measured by the SF36 Health Survey questionnaire. In 
some patients, however, this was not marked, probably 
because of persistent symptoms from associated disease. For 
example, the four patients with progressive systemic 
sclerosis had other symptoms; one of these patients required 
a limb amputation, after the stimulator had been implanted. 

There are few data on the results of this therapy for faecal 
incontinence in the literature. Matzel and colleagues’? 
published the first report in three patients who were 
followed up for 6 months. All three patients benefited 
from treatment. The authors’ centre subsequently reported 
on five patients who had a median follow-up of 16 months, 
all of whom had a good symptomatic result'*. The number 
of patients was too small to demonstrate a consistent change 
in physiological parameters. This centre also reported a 
double-blind cross-over study, with and without stimula- 
tion, in two patients”; a marked symptomatic benefit was 
shown and, although the number of patients was small, it 
was demonstrated that the benefit from this treatment is 
unlikely to be related to placebo. The prolonged clinical 
benefit seen in the present study, without deterioration, 
further supports the lack of a placebo effect. 

Subsequent reports all involved short-term follow-up or 
a small number of patients. Matzel et a/.'° reported on six 
patients; the stimulation appeared to result in an increase in 
squeeze pressure but two patients had to have the stimulus 
generator removed because of pain. Leroi eta/.'* reported 
on five patients, three of whom showed clinical benefit at 
6 months’ follow-up. Ganio and colleagues’? implanted 
five patients with a permanent stimulator; after a median of 
19 months there was an increase in resting pressure and a 





Values are mean(s.d.). *Median 24 months. PNE, percutaneous nerve evaluation (recorded at the end of 3-week screening period). +P < 0-01, 


łP < 0-05 versus baseline (Wilcoxon signed rank test) 
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possible increase in squeeze pressure. The most recent and 
largest published report, from Rosen eta/.'’, described 16 
patients implanted initially, but four patients subsequently 
had the device removed owing to infection or displacement. 
Ata median follow-up of 15 months patients had a marked 
improvement in incontinence, which appeared to be 
associated with an increase in resting and squeeze ana! 
pressures, 

The current report is the largest series to date, and 
includes patients with the longest follow-up. Although the 
median follow-up of 2 years is still relatively short for a 
surgical procedure, this study nevertheless provides impor- 
tant data about the medium-term efficacy and safety of this 
treatment. 

In this study the initial patients were screened with a 
surgically placed electrode (Medtronic 3080) to avoid 
premature lead dislodgement. With the development of 
the helical percutaneous screening wire (Medtronic 3057), 
designed to resist dislodgement, there were no failures so all 
further screening was performed percutaneously. This 
technique does not involve open surgery, has a lower 
infection risk, a very low morbidity and can be performed 
using local anaesthetic. Both local and general anaesthesia 
were used for temporary electrode placement. Later 
patients usually had a general anaesthetic, for reasons of 
patient comfort and to allow time for optimal foramen 
selection. 

The clinical effect of temporary stimulation was reliably 
reproduced in all patients with permanent stimulation. 
Percutaneous temporary stimulation therefore appears to 
provide a minimally invasive and accurate predictor of 
success before surgical intervention. This is a major 
advantage of the technique. In this series all patients had a 
successful temporary screening but larger series are 
required to be certain of the exact predictive value of the 
response to temporary stimulation. 

Implantation of a permanent sacral nerve stimulator is a 
relatively minor procedure, especially compared with the 
alternative surgical options for these patients. The operative 
site is distant from the bowel so previous anal procedures in 
a patient do not make the surgery more complicated. The 
spinal site also has a lower infection risk. A one-stage 
surgical procedure performed after successful temporary 
screening further decreases the infection risk. Implantation 
of the stimulator into the ipsilateral buttock in the latter 
patients was without complications; it avoided iliac crest 
pain and shortened operative time. There were no major 
complications in this series and no implants had to be 
removed. 

The finding of an increased squeeze pressure in this study 
adds weight to the body of evidence suggesting that this 
treatment does indeed augment striated anal sphincter 
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muscle activity. The mechanism for this effect is unknown, 
but may involve hypertrophy of existing muscle fibres, 
alteration in muscle fibre type or the recruitment of 
redundant motor units in response to chronic stimulation. 
Further studies may help elucidate this. Given all the 
available evidence the effect on the resting anal pressure is 
less clear. These manometric changes are not necessarily 
the only, or even the relevant, mechanism by which this 
treatment improves continence. A qualitative change in 
rectal and anal sphincter smooth muscle function with 
temporary stimulation has also been shown previously” ’. 

The current study has also demonstrated a significant 
improvement in rectal sensation to distension. This 
suggests that sacral nerve stimulation has an effect on the 
afferent sensory fibres of the rectum. The contribution that 
this effect has to the clinical outcome is not known. 

Improvement in urgency was a marked clinical finding in 
all patients. Urgency has previously been shown to relate to 
high-pressure bowel contractions”®, suggesting that this 
motor event may be altered by sacral nerve stimulation. 

It is likely that sacral nerve stimulation involves an altered 
function (‘neuromodulation’) of all the nerve fibres within 
the sacral plexus, including somatic fibres to the external 
anal sphincter and pelvic floor, autonomic fibres to the 
internal anal sphincter and colon, and afferent sensory fibres 
from the anus and rectum. The relative contribution of each 
of these, and the central effect of stimulation on higher 
centres, remains to be elucidated. 

In this series all patients had an intact, partially intact or 
surgically repaired external anal sphincter. This may be 
important in selecting future patients for sacral nerve 
stimulation, particularly as an increased squeeze pressure 
appears to be part of the underlying physiological mechan- 
ism. However, the results in patients with an anatomically 
disrupted external anal sphincter are unknown. 

In all patients in this series it was possible to elicit the 
pudendal nerve latency on one or both sides. In previous 
studies patients with bilaterally absent pudendal nerves 
showed no benefit'*”*; this raises the possibility that an 
impaired neural connection between the sacral plexus, anal 
sphincter and pelvic floor may lead to a poor clinical result. 
Patients with a complete spinal cord transection also appear 
not to benefit”, while sacral nerve stimulation has been 
shown to be successful in patients with partial spinal 
lesions”. 

Sacral nerve stimulation provides an alternative approach 
to other therapies for faecal incontinence. However, its use 
should be restricted to patients who have failed maximum 
conservative therapies, and who experience severe incon- 
tinence. The authors have treated only a very small 
proportion of all incontinent patients referred to them 
with this technique. 
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This study has shown that patients resistant to maximal 
conventional treatment benefit from sacral nerve stimula- 
tion and that this benefit is maintained in the medium term. 
The morbidity is substantially less than with other surgical 
treatments and the percutaneous screening technique 
allows prediction of success, before surgical implantation. 
Studies are now required to determine the full range of 
indications and determine long-term follow-up. 
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Background: The aim was to study the incidence, time course and prognosis of patients who developed 
axillary recurrence after breast-conserving surgery, and to evaluate possible risk factors for axillary 
recurrence and prognostic factors after axillary recurrence. 

Methods: In a population-based cohort of 6613 women with invasive breast cancer who had breast- 
conserving surgery between 1981 and 1990, 92 recurrences in the ipsilateral axilla were identified. Risk 
factors for axillary recurrence were studied in a case-control study nested in the cohort, and late survival 
was documented in the women with axillary recurrence. 

Results: The overall risk of axillary recurrence was 1-0 per cent at 5 years and 1-7 per cent at 10 years. 
The risk of axillary recurrence increased with tumour size (P = 0-033) and was highest in younger 
women (odds ratio (OR) 3-9 for women aged less than 40 years compared with those aged 50-59 years). 
Radiotherapy to the breast reduced the risk of axillary recurrence (OR 0-1 (95 per cent confidence 
interval 0-1 to 0-4)). The breast cancer-specific survival rate after axillary recurrence, as measured from 
primary treatment, was 78-0 per cent at 5 years and 52-3 per cent at 10 years. Tumour size and node 
status had a statistically significant effect on death from breast cancer. 

Conclusion: Axillary recurrence is rare, although more common in younger women with large tumours. 
Radiotherapy to the breast was protective. Tumour size and node status were the most important 


prognostic factors in women with axillary recurrence. 
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Introduction 


Axillary recurrence is rare after breast-conserving surgery 
with a level I and II axillary dissection! ”. It can be followed 
by painful intractable growth into the brachial plexus; it is 
also associated with distant metastasis and death”. Some 
investigators claim that axillary recurrence is only an 
indicator of more aggressive disease ''”, while others regard 
it as a possible source of distant dissemination’). 

A level I and H axillary dissection with removal of at least 
ten lymph nodes has been regarded as a reasonable 
compromise between the competing goals of accurate 
staging, regional control and postoperative complications’. 


themselves that all authors have 
contributed significantly to this publication 
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Postoperative radiotherapy to the axilla reduces the risk of 


E E S 
axillary recurrence 


. However, in patients with between 
zero and three positive nodes after level Į and H axillary 
dissection, axillary irradiation confers no or little benefit”, 
and increases the risk of lymphoedema*”. 

The number of retrieved and number of involved nodes 
are risk factors for axillary recurrence’ >61 91-16, Patient 
age'*"'”, histological grade”, tumour size! ®t’, presence of 
extracapsular extension of tumour’ and location of the 
primary tumour” have also been implicated as possible risk 
factors. The prognosis in patients with axillary recurrence is 
poor, but survival estimates in most series have been 
difficult to interpret owing to the small number of patients. 

In a cohort of 6613 women who had breast-conserving 
surgery for invasive breast cancer, 92 women with axillary 
recurrence were studied. The aim was to investigate the 


1,9, 
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incidence and time course of axillary recurrence, and the 
prognosis in affected patients. A further aim was to evaluate 
possible risk factors for axillary recurrence and prognostic 
factors for breast cancer-specific survival. 


Pationts and methods 


Incidence of axillary recurrence 


A cohort of 6613 women with invasive breast cancer from 
frve of Sweden’s six healthcare regions, who had breast- 
conserving surgery between 1981 and 1990, was followed 
until 1997, Data were collected from regional breast cancer 
registers in three healthcare regions and from the medical 
records in the other two. The design of the cohort study has 
been described in detail*’, although with data on only 4694 
women from four regions. The validity of the data from four 
regions was checked and found to be accurate, by detailed 
study of the records of 1332 controls, selected for a nested 
case-control study that aimed to analyse risk factors for 
local recurrence. In the fifth region the number of person- 
years was incorrect, and data from this region were excluded 
from the cohort analysis. The data on 4694 women from 
four regions with 107 axillary recurrences as a first event 
were therefore used in the analysis of the incidence of 
axillary recurrence. 


Risk factors for axillary recurrence 


Patients and three controls each were taken from the cohort 
of 6613 women, matched for year of primary operation and 
healthcare region. Ninety-two women with a local recur- 
rence in the axilla before 1993 were included as index cases 
and 193 women who were free from a local or anilary 
recurrence up to the same interval at risk were inchuded as 
controls. Three cases lacked eligible controls, so 88 of the 
92 women were included in the analysis of risk factors for 
axillary recurrence. 


Prognosis 


The outcome for the 92 patients was analysed. The median 
follow-up for the women who had an axillary recurrence was 
7-1 years. Twenty-three of these also had a simultaneous 
local recurrence in the breast. 


Surgery 

Routine axillary dissection included level I and I dissec- 
tion?! through a separate incision unless the primary breast 
tumour was situated high up in the axillary tail. During the 
1980s, the regional treatment protocols recommended 
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axillary dissection for all patients with invasive breast 
cancer. At a few of the participating centres patients had 
axillary sampling rather than axillary dissection. Some 8-1 
per cent of the women had no axillary surgery. There was, 
however, a successively increasing compliance with treat- 


ment protocols over time’”. 


Radiotherapy 

Between 1981 and 1990 radiotherapy to the breast up to 50- 
58 Gy was standard treatment. Booster treatment was not 
used to any extent in Sweden. Regional radiotherapy of 46- 
50 Gy, generally including internal mammary, supraclavi- 
cular, infraclevicular and axillary nodes, was given to 
selected patients who did not have anllary surgery, those 


deemed to have undergone inadequate axillary surgery or 
those who were node positive. 


Statistical analysi 
The probability of axillary recurrence, and distant disease- 
free and breast cancer-specific survival was estimated with 
the life-table method’. The 5- and 10-year results are life- 
table estimates with standard errors. The differences 
between survival curves were tested with a log rank test?’ 

To study the joint effect of different variables on 
prognosis, multivariate proportional hazards analyses** 
were computed. Since type of surgery, number of retrieved 
nodes and node status are closely related, in the multrvariate 
model of prognostic factors, one at a time was used to 
determine which gave the best fit as judged by model x’ 
analysis. The estumates are given as relative hazard (RH) 
with 95 per cent confidence intervals. 

Multivariate conditional logistic regression analyses were 
used to estimate the odds ratio and 95 per cent confidence 
intervals in the case-control study. 


Results 


Patient characteristics 


Table 1 shows the characterisucs of the 92 women with 
axillary recurrence compared with 193 matched controls 
from the nested case-control study. Women with axillary 
recurrence were younger, had larger tumours, and were 
more likely to have received axillary radiotherapy, but less 
likely to have had radiotherapy to the breast. 


Incidence of axillary recurrence 


Of 4694 patients, 107 developed an axillary recurrence as a 
first event. The overall risk of axillary recurrence was 
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1-0(0-1) per cent at 5 years and 1-7(0-2) per cent at 10 years. 
The probability of axillary recurrence was highest in women 


Table 1 Characteristics of the 92 women with axillary recur- 
rence who had breast-conserving surgery for invasive breast 
cancer between 1981 and 1990 compared with 193 controls 
from the source population 






Ta “Women witho 
eas a pana n rec irrence Controis ; 








“Values are mean(s.d.) or tmedian (range), tvalues in parentheses are 
percentages 


aged less than 40 years and tended to increase with 
increasing tumour size (Table 2). Women with an unknown 
axillary node status tended to have a higher probability of 
axillary recurrence than women with a known node status. 
The probability of axillary recurrence was higher in women 
who did not have radiotherapy to the breast. 


Risk factors for axillary recurrence 


The risk of axillary recurrence tended to diminish with age 
and to increase with tumour size (Table 3). An axillary 
dissection with retrieval of more than ten nodes tended to 
reduce the risk of recurrence in the axilla compared with 
axillary sampling or no axillary surgery. Radiotherapy to the 
breast was accompanied by a low risk of axillary recurrence. 
Age, tumour size and number of retrieved axillary nodes 
were analysed as continuous variables in a multivariate 
model. Trend tests gave a statistically significant result for 
tumour size (P = 0-033), but not for age (P = 0-052) or 
number of retrieved nodes (P = 0-088). 


Prognosis in women with axillary recurrence 


During follow-up, 43 of the 92 women with axillary 
recurrence died, 39 from breast cancer. Fifty women 
developed distant metastases. Seven of 92 were noted to 
have distant metastases within 1 month after the appear- 


Table 2 Life-table estimates showing probability of remaining free from axillary recurrence in a cohort of 4694 patients who had 
breast-conserving surgery for invasive breast cancer between 198land 1990 





th axillary rec 





Values in parentheses are s.e. Analysis based on data from four healthcare regions. Owing to a longer follow-up in the study base, 107 patients with 


axillary recurrence were included in this analysis. *Data on tumour size were lacking for 193 patients 
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Table 3 Multivariate conditional logistic regression analysis of cases and controls from the source population who had breast- 
conserving surgery for invasive breast cancer between 1981 and 1990 





Values in parentheses are 95 per cent confidence intervals. *Since four cases lacked invasive controls, and two controls had missing data about 
radiotherapy, 88 cases and 191 controls are included in the multivariate analysis 


ance of the axillary recurrence, and 13 of 92 within 
3 months. 

The life-table estimates for overall survival among 
women with axillary recurrence, as measured from primary 
treatment, were 77-0(4-4) percentat 5 years and 48.4(6-0) at 
10 years, while the breast cancer-specific survival estimates 
were 78-0(4-4) per cent at 5 years and 52-3(6-0) per cent at 
10 years. The life-table curve for breast cancer-specific 
survival is shown in Fig. I, together with the curves for the 
entire source population’’, node-positive women in the 
source population?” and women with a local recurrence in 
the breast (unpublished data). Distant disease-free survival 
was 78-0(4-4) per cent at 5 years and 39-7(6-0) per cent at 
10 years. 

Life-table analysis of overall survival using follow-up 
after the appearance of recurrence instead of time from 
primary operation gave estimates of 59-2(5-3) per cent at 
5 years and 43-5(6-8) per cent at 10 years, while the breast 
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cancer-specific survival estimates were 62-0(5-3) per cent at 
5 years and 48.2(6-8) per cent at 10 years. The distant 
disease-free survival after the appearance of axillary 
recurrence was 59.8(5-3) and 24-0(6-8) per cent at 5 and 
10 years respectively. 

Cox multivariate analysis of prognostic factors for breast 
cancer-specific survival showed that node status gave a 
better model fit as judged by model x’ analysis than the 
variables type of surgery and number of retrieved nodes 
(Table 4). Tumour size had a statistically significant effect 
on death in breast cancer (RH 2-0 (1-0 to 4-4)). The same 
was true for node status (RH 4.0 (1-1 to 144). 


Discussion 


Axillary recurrence was reviewed in a large, unselected 
cohort of patients with breast cancer treated in many 
different centres. The case series is comparatively large, 
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No. at risk Time after primary operation (months) 
Source population 4694 4619 4503 4380 3830 3146 2412 1738 1247 927 587 
Node positive 728 717 692 671 551 429 309 202 137 97 456 


Breast recurrence 491 384 375 359 337 300 271 230 194 153 111 
Axillary recurrence 92 89 86 81 76 67 55 46 S36 27 18 


Fig. 1 Life-table curve showing the estimated probability of 
breast cancer-specific survival, measured trom the primary 
operation, in 92 women with axillary recurrence. Curves for the 
entire source population (7 = 4694), node-positive women in the 
source population (7 = 729) and women from the source 
population with local recurrence in the breast (7 = 391) are 
shown for comparison 


conferring sufficient statistical power for a study in this area. 
The validity of the background information was well 
controlled since large parts of the cohort information 
were collected through direct studies of original records; 
data from the randomly selected controls were thoroughly 
scrutinized. 

All participating regions had treatment protocols for 
breast cancer and breast cancer collaborative groups. 
However, multidisciplinary breast cancer teams were 
established in only the larger hospitals, and the need for 
subspecialization in surgery and oncology was not recog- 
nized at the time. Thus, these results are applicable to 
situations of routine care, but may be better currently as a 
result of improved training of clinicians and more devel- 
oped teamwork. Women with predominantly stage I or 
early stage I] invasive cancer who had breast-conserving 
surgery were studied, and the results may not be generalized 
to women undergoing mastectomy or those with more 
advanced breast cancer. 

The proportion of women with distant metastases shortly 
after the axillary recurrence was noteworthy. Possibly as a 
result of lengthy diagnostic assessment, these women may 
have been considered to have systemic disease at time of 
axillary recurrence. 

These results can be discussed in at least two interesting 
clinical perspectives. First, the overall risk of axillary 
recurrence was low: less than 2 per cent overall and less 
than 4 per cent in any of the studied subgroups at 10 years. 
This implies that even a marked difference in odds ratio in 
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Table 4 Multivariate Cox proportional hazards analysis of prog- 
nostic factors for breast cancer-specific survival, as measured 


from primary operation, in 92 women with axillary recurrence 
who had breast-conserving surgery between 1981 and 1990 





Values in parentheses are 93 per cent confidence intervals. “Women 
who did not have axillary surgery were excluded, leaving only 81 
patients for the full multivariate analysis 


the risk factor analysis represents low absolute risk 
differences, mostly around 2-3 per cent. Thus, more 
aggressive treatments specifically directed at reducing 
axillary recurrence would have to be weighed carefully in 
terms of benefits and risks, since the numbers needed to 
treat would be large. 

Second, although the risk is low, an axillary recurrence 
causes significant suffering and presents a therapeutic 
dilemma. Since less extensive surgery, large tumour size 
and absence of radiotherapy are risk factors, the hypothesis 
emerges that most axillary recurrences in the present series 
were overlooked primary lymph node metastases. The 
finding that the traditional risk factors for death (node 
status, tumour size) also extend to patients with axillary 
recurrence is compatible with this theory. The sentine! 
node biopsy technique has brought new knowledge of 
relevance to this issue. The sentinel node, the first lymph 
node that drains the breast tumour, is usually situated in 
the lower part of the axilla, near or under the pectoral 
muscle*’*®. It could be speculated that axillary dissection 
through a separate incision in the axilla in untrained hands 
might fail to explore the lowest part of the axilla. A positive 
sentinel node may therefore be left behind. In some women 
it may be sterilized by radiotherapy to the breast; in the 
multivariate analysis radiotherapy to the breast was clearly 
protective against axillary recurrence. Radiotherapy to the 


~ 


: : : ee b ae 
breast often includes the axillary tail and lower axilla”. In a 
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study by Liljegren etal?’ that compared the results of 
breast-conserving surgery in women who did or did not 
receive postoperative radiotherapy to the breast, regional 
and distant recurrence was more frequent in the group that 
did not receive radiotherapy. The difference between the 
groups was explained entirely by additional axillary 
recurrence in the non-irradiated group of women. If the 
sentinel node biopsy technique has the potential to reduce 
the frequency of overlooked primary lymph node metas- 
tases, this should reduce the incidence of axillary recur- 
rence. 

The finding concerning axillary radiotherapy in the 
present study should be interpreted cautiously. During this 
interval radiotherapy to the axilla was not standard 
treatment and was given only in special situations. Thus, 
the estimates may be influenced heavily by selection bias. 
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Baokgrounc: The prognosis of patients without nodal metastasis of oesophageal cancer is generally 
good, but recurrence develops in some cases. 

Methode: Data on 88 consecutive patients with squamous oesophageal cancer who underwent three- 
field lymph node dissection from 1986 to September 1998 and who had no evidence of nodal disease 
were reviewed retrospectively. Disease status was based on histological examination of the section of 
each node with the largest surface area, stained with haematoxylin and eosin. 

Resutts: The 3- and 5-year survival rates of patients without lymph node metastasis were 85 and 81 per 
cent respectively, better than in patients with metastasis. Twelve patients died from recurrence. 
Recurrence was haematogenous in nine patients and locoregional in three. Survival was worse in men, 
for patients with lesions located in the upper thoracic oesophagus, and in those with lymphatic or blood 
vessel invasion. Only the presence of lymphatic invasion correlated with survival on multivariate analysis 
(P = 0-04). 

Conclusion Although survival was generally good in patients without nodal metastasis from 
oesophageal cancer following three~-field lymph node dissection, patients with lymphatic invasion 


remained at risk for haematogenous dissemination. 
Paper accepted 1 March 2002 


Introduction 


Lymph node dissection of the neck, mediasunum and 
abdomen has been practised routinely in Japan since the 
mid-1980s to reduce the high incidence of recurrence in 
cervical and superior mediastinal lymph nodes following 
oesophagectomy for oesophageal cancer’”. The efficacy of 
this intervention remains controversial, but the extent of 
lymph node metastasis and its relationship to survival have 
been determined accurately. Patients without lymph node 
metastasis after extended lymphadenectomy achieve good 
survival, even when the oesophageal lesion has penetrated 
deeply. However, recurrence still occurs in some patients 
who have no evidence of disease in resected nodes. 
Therefore, it is essential to identify which patients remain 
at risk of recurrence after what was assumed to be a curative 
operation. This knowledge will improve the efficacy of 
follow-up and help to mould a strategy for prophylactic 
treatment. The determination of which clinicopatho- 
logical features correlate with recurrence in patients with- 
out lymph node metastasis after three-field lymph node 
dissection was the subject of this investigation. 
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Patients and methods 


The medical records of 247 consecutive patients with 
squamous cell carcinoma of the thoracic oesophagus, who 
had undergone oesophagectomy and lymphadenectomy of 
the neck, chest and abdomen in the authors’ department 
from 1986 to September 1998, were reviewed. Patients with 
enlarged intra-abdominal para-aortic nodes on computed 
tomography, fixed cervical nodes or multiorgan involve- 
ment did not undergo three-field lymph node dissection, 
because these findings were considered to represent 
advanced disease that was not curable surgically. None of 
the patients had neoadjuvant treatment. All patients had a 
standard three-stage oesophagectomy and three-field 
lymph node dissection’. The diagnosis of metastasis was 
based on histological examination of the section of lymph 
node with the maximum surface area, stained with 
haematoxylin and eosin. 

A total of 159 patients was proven to have metastasis in 
resected nodes, and the other 88 patients (74 men and 14 
women; mean age 63 (range 43-83) years) did not. None of 
the patients with three or fewer metastasized nodes had 
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adjuvant treatment. The patients who had four or more 
metastasized nodes had adjuvant chemotherapy with 5- 
Huorouracil and cisplatin after recovery from the operation. 
Therefore, surgery was the sole treatment received by 
patients without nodal involvement. The clinicopathologi- 
cal features, including location, size, histological classifica- 
tion, depth of invasion, growth pattern of the oesophageal 
lesion and presence of vascular invasion, were classified 
according to guidelines from the Japanese Society for 
Oesophageal Disease*. 

The median length of follow-up for the 88 patients with 
no lymph node metastasis was 74 months, excluding 12 
patients who died from causes unrelated to recurrence and 
two in-hospital deaths (2 per cent). 


Table 1 Clinicopathological characteristics and prognosis of 247 
patients who had curative resection for oesophageal cancer 





pis, carcinoma i situ; pT 1, tumour invading mucosal or submucosal 
layer only; pT2, tumour invasion into muscularis propria; pT3, tumour 
invasion to adventitia; p14, contiguous spread into surrounding 
structures, "Wilcoxon test 
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The relationships between survival and clinicopatholo- 
gical features were analysed with the StatView” 4.51 J 
program (ABACUS Concept, Berkeley, California, USA). 
Survival was calculated by the Kaplan-Meier method, and 
the significance of differences in survival was evaluated by 
the generalized Wilcoxon test. The Cox proportional 
hazard model was used to determine the clinicopathologica! 
factors affecting survival, and the x° test to analyse 
relationships between the presence of lymph node metas- 
tasis and lymphatic and blood vessel invasion. P < 0-05 was 
considered significant. 


Results 


The overall 3- and 5-year survival rates for the 247 patients 
who underwent oesophagectomy were 55 and 51 per cent 
respectively. The mean(s.d.) number of nodes dissected in 
each patient was 61(25). The survival rate of patients 
without nodal metastasis was better at 3 and 5 years (85 and 
81 per cent respectively) than in patients with nodal 
metastasis (40 and 32 per cent respectively) (P < 0-001). 
The 5-year survival rate was inversely related to the number 
of positive nodes: 48 per cent in patients with one to three 
positive nodes and 15 per cent in those with four or more 
positive nodes. Tumour location, depth of tumour invasion, 
infiltrative growth pattern, lymphatic invasion and blood 
vesse! invasion also correlated with survival (Table 1). 


Table 2 Cox regression analysis of 247 patients who had cura- 
tive resection for oesophageal cancer 





Values in parentheses are 95 per cent confidence intervals. pTis, 
carcinoma @ situ, pT 1, tumour invading mucosal or submucosal layer 
only; pT 2, tumour invasion into muscularis propria; p13, tumour 
invasion to adventitia; pT4, contiguous spread into surrounding 
structures 
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Simultaneous multivariate analysis by the Cox model, using 
location of tumour, depth of invasion, lymphatic and blood 


Table 3 Clinicopathological characteristics and prognosis of 


patients with no evidence of nodal metastasis of oesophageal 
cancer 


pTis, carcinoma jn situ; pT 1, tumour invading mucosal or submucosal 
layer only; pT2, tumour invasion into muscularis propria; pT3, tumour 


invasion to adventitia; pT 4, contiguous spread into surrounding 
structures. "Wilcoxon test 





vessel invasion, and number of positive nodes, showed that 
the number of positive nodes was the factor that correlated 
most closely with survival (Table 2). 

The clinicopathological features of patients without 
nodal involvement are shown in Table 3. The male : female 
ratio was 5.3, and survival was worse in men than in women. 
Survival in patients with a lesion in the upper third of the 
thoracic oesophagus was worse than that in other patients. 
Lymphatic invasion was identified in 36 patients (41 per 
cent) and blood vessel invasion in 16 (18 per cent). The 
incidence of lymphatic and blood vessel invasion in patients 
with lymph node metastasis was 79 and 38 per cent 
respectively (Table 4). Invasion to the level of the muscularis 
propria, lymphatic invasion and blood vessel invasion all 
had a negative effect on survival, but the size of the primary 
lesion did not (Table 3). 

Twelve patients died from recurrence. The depth of 
invasion was to the submucosal layer in three patients, to the 
muscularis propria in one patient, and reached the 
adventitia in eight patients. Lymphatic invasion was 
identified in nine patients. The pattern of recurrence was 
haematogenous in nine patients (liver, four; lung, three; 
bone, two) and locoregional in three patients. Lymphatic 
recurrence did not occur. 


Table 4 Relationship between the incidence of lymphatic and 
vascular invasion and the incidence of lymph node metastasis 





; : 2 
Values in parentheses are percentages. “y” test 


Table 5 Cox regression analysis of data from patients with no evidence of nodal metastasis of oesophageal cancer on routine histolo- 


gical examination 





Values in parentheses are 95 per cent confidence intervals 
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Univariate analysis of these clinicopathological factors 
showed that tumour location, lymphatic invasion and blood 
vessel invasion affected the survival of patients without 
nodal metastasis who underwent oesophagectomy. 
Multivariate analysis showed that lymphatic invasion was 
the only factor that correlated with survival (Table 5). 


Discussion 


In Japan, oesophagectomy with three-field (neck, medias- 
tinum and abdomen) lymph node dissection is performed 
routinely as a curative procedure in patients with oesopha- 
geal cancer”®. Since 1986, the authors’ department has 
rouunely combined three-field lymph node dissection with 
oesophagectomy to treat patients with potentially curative 
oesophageal cancer (no multiorgan involvement, fixed 
cervical lymph nodes or enlargement of the intra-abdom- 
inal para-aortic nodes on computed tomography’). 
Hospital mortality and pulmonary morbidity rates were 5 
and 16 per cent respectively’. Fujita etal.’ reported that 
patients with upper or middle thoracic oesophageal 
carcinoma with lymph node metastasis had a better survival 
rate after three-field than following two-field lymph node 
dissection. The effect on survival of prophylactic systemic 
lymph node dissection remains controversial, because most 
studies of three-field lymph node dissection are retro- 
spective and not randomized. What is clear, however, is that 
the more extensively the nodes are dissected, the more 
precisely the disease can be staged. It has been reported that 
the 5-year survival rate of patients without nodal disease is 
50 per cent or less when particular attention is not paid to 
lymph node dissection, whereas the survival rate was 82 per 
cent after three-field lymph node dissection’. This 
difference was not only the result of the curative effect of 
lymph node dissection, but also of reducing stage migra- 
tion. As the presence of metastasis cannot be diagnosed 
based on size or shape’, thorough three-field lymph node 
dissection is the only reliable way to stage oesophageal 
cancer accurately. 

Previous investigators have identified a variety of factors 
that affect survival after extended lymph node dissection*”'”, 
Depth of tumour invasion, location of lymph node 
metastases and degree of tumour differentiation are well 
established factors that influence survival. Among these, 
the number of positive nodes has the highest correlation 
with recurrence™ 

Hayashi et a/.'* demonstrated that genetic examination of 
p33 and K-ras mutations was more sensitive than conven- 
tional histological examination in detecting occult lymph 
node metastasis in colorectal cancer. However, the inci- 
dence of the p33 mutation in oesophageal cancer is much 
lower than in colorectal cancer, decreasing its value as a 
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tumour marker’*!*, Immunohistochemical staining with 
anticytokeratin antibodies has also been reported to be 
more sensitive than conventional histological examination 
in identifying tumour. As conventional histological exam- 
ination was used in the present study, it is possible that some 
occult disease was missed. However, the diagnoses were 
remarkably accurate, because the 5-year survival rate was 
very ditferent between patients diagnosed as having and not 
having nodal metastasis. This is of practical importance 
because it is impossible routinely to perform immunohis- 
tochemical staining of all the serial sections of resected 
nodes in all patients to avoid missing micrometastases. It is 
of further reassurance to note that Glickman eta/.'* found 
no correlation between the presence of micrometastasis and 
a poor outcome. However, both Komukai eta/.'® and 
Natsugoe etal.” reported the contrary. The clinical 
significance of micrometastasis remains to be determined. 
The purpose of the present study was not to detect 
micrometastasis but to define the relationship between 
pathological factors that relate to survival in patients who 
have no evidence of nodal involvement. The data unequi- 
vocally demonstrate that poor outcome is closely correlated 
with lymphatic invasion. 

Lymphatic and blood vessel invasion both correlated 
with lymph node metastasis. The significance was greater 
for lymphatic invasion than for blood vessel invasion. Both 
variables showed high specificity for lymph node metastasis, 
although the sensitivity of lymphatic invasion was higher. 
Lymphatic invasion also related closely with systemic 
spread, even in patients without lymph node metastasis. 
Here again, it might be hypothesized that micrometastasis 
was likely to be present in patients with lymphatic invasion. 
Luketich eta/.'* detected micrometastasis in histologically 
negative lymph node specimens of oesophageal cancer 
using sophisticated methods, such as a reverse transcrip- 
tase-polymerase chain reaction assay to detect carcinoem- 
bryonic antigen messenger RNA. Five of ten patients had 
micrometastasis even though the pathological stage was 
NO. ‘Two patients with and one patient without micro- 
metastasis died from recurrence. In the present study, 12 
patients with no histological evidence of nodal disease died 
from recurrence. Nine had lymphatic invasion, represent- 
ing 25 per cent of the 36 similar patients, whereas only three 
patients without lymphatic invasion died. This represented 
only 6 per cent of 52 patients who did not have lymphatic 
invasion. The predictive value of lymphatic invasion for 
systemic dissemination in patients with histologically 
negative lymph nodes is similar to that predicted by 
Luketich et al.’*. 

In conclusion, although survival was generally good in 
patients with node-negative oesophageal cancer after three- 
held lymph node dissection, patients who have lymphatic 
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invasion are at high msk of haematogenous spread and 
require close follow-up. 
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Background: To evaluate specialization in National Health Service (NHS) cancer care, volume- 
outcome relationships were examined. 

Methods: This was a cohort study of 1512 patients with oesophageal or gastric cancer in 23 acute NHS 
hospitals. Outcomes were survival time and operative (30 day) mortality. Multiple regression analysis 
was performed, adjusted for diagnoses, prognoses and treatments. 

Results: For oesophageal cancer, the operative mortality rate decreased by 40 per cent (odds ratio 0-60 
(95 per cent confidence interval (c.i.) 0-36 to 0-99 per cent); P = 0-047) for each increase of ten patients 
in doctors’ annual surgical caseloads, and the risk of death decreased by 8 per cent (hazard ratio 0-92 (95 
per cent c.i. 0-85 to 0-99); P = 0-021) for each increase of ten patients in doctors’ annual caseloads. For 
gastric cancer, the operative mortality rate decreased by 41 per cent (odds ratio 0-59 (95 per cent c.i. 
0.32 to 1-07)) for each increase of ten patients in doctors’ annual surgical caseloads, and the risk of death 
decreased by 7 per cent (hazard ratio 0-93 (95 per cent c.i. 0-89 to 0-98); P = 0-009} for each increase of 
ten patients in hospitals’ annual caseloads. Patients of higher-volume doctors were more likely to 
receive most investigations and treatments, independently of presenting features. 

Conclusion: The study supports concentration of services for oesophageal and gastric cancers. 


Specialization of doctors and their teams is at least as important as specialization of hospitals. 


Paper accepted 6 March 2002 


introduction 


The mortality rate for oesophageal and gastric cancer is 
higher in the UK than in most other European countries’. It 
has been assumed that this largely reflects non-specialist 
care and has led to plans for the reorganization of cancer 
services in the UK*. Evidence of improved outcome linked 
to specialist care for specific types of cancer is, however, 
generally absent or inconsistent ™. Evidence of advantages 
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no evidence of comparable quality for oesophageal and 
gastric cancers, which comprise over 9 per cent of all cancers 
in England and Wales’*. 

Several studies into oesophageal and gastric cancer have 
focused on surgical (operated) patients in an effort to link 
outcome to experience. either on the part of the institution 
or the surgeon. An English cancer registry study of 
oesophagectomies in the late 1980s found no independent 
association between operative mortality rate and hospital 
surgical volume'’, although two recent North American 
studies have demonstrated a lower mortality rate for 
oesophagectomy at ‘high-volume’ compared with ‘low- 
volume’ hospitals'°!”, 

Small UK and North American studies have also revealed 
that the operative mortality rate is lower among high- 
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volume surgeons!®!*, A large audit of oesophageal and 
gastric cancer in Wales also demonstrated a lower mortality 


rate (12 per cent) among surgeons who carried out six or 
more operations per year, compared with those doing fewer 
than this (17 per cent)’. For gastric cancer, clear evidence 
of benefit from specialization is lacking’*. A study of 69 
hospitals in the USA in 1977 found no independent 
association between in-hospital mortality rate and doctors’ 
or hospitals’ patient volumes”’, although ın the Welsh audit 
higher surgical volumes were associated with a lower 
mortality rate after abdominal operations’’. All of these 
studies are, however, open to the major criticism that 
confounding factors (e.g. case-mix) have not been taken into 
consideration. 

There have been no cohort studies of volume—outcome 
relationships in oesophageal or gastric cancer care that 
include the full clinical spectrum, account for prognostic 
factors (such as stage of disease or co-morbidity), consider 
the impact of various investigative modalities and treat- 
ments, follow survival beyond hospital and use robust 
indicators of specialization. The aims of this study were to 
investigate relationships between specialization and pat- 
terns of clinical practice (use of tests, choice of treatment) 
and to estimate the independent effects of specialization on 
overall survival and operative mortality after controlling for 
confounding variables. 


Patients and methods 


The study population comprised all patients diagnosed for 
the first time as having oesophageal or gastric cancer in all 
23 acute National Health Service (NHS) hospital trusts in 
the former South and West region of England during 
I year, from July 1996 to June 1997. Patients were 
identified prospectively in each hospital as the study 
progressed, primarily by regularly examining discharge 
and pathology diagnostic codes. Additional sources, such as 
departmental clinical information systems, were used as 
appropriate for each hospital. 

Patient data were extracted from hospital records by three 
trained researchers. Unfamiliar terms were catalogued and 
discussed with the clinician responsible for this training, 
then coded appropriately to minimize error. Records were 
examined as immediately as possible and a year later. Any 
key prognostic variables that were missing were coded as 
unknown. If specific symptoms, co-morbid conditions, tests 
or treatments were not recorded, they were coded as absent, 
as these variables were generally recorded only if present. 
Histological evidence, when available, from resected speci- 
mens was used for staging; if not, other test results were 
used. 
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Specialization was indicated by doctors’ and hospitals’ 
patient volumes. Each patient’s main doctor and main 
hospital trust were defined according to where the patient 
received their main treatment, in the following order of 
precedence: surgery, stent, radiotherapy and chemo- 
therapy. For patients who received none of these treat- 
ments, their first hospital and consultant were their main 
hospital and doctor. ‘Hospital’ and ‘doctor’ volumes 
represented the numbers of patients with the respective 
cancer managed by their main hospital or main doctor 
during the year, using the system above. For analysis of 
operative mortality, doctors’ and hospitals’ surgical (opera- 
tive) volumes were used. The surgeon was defined as the 
individual who carried out the patient’s main operation in 
the order of precedence: resection, bypass, and ‘open and 
close’. 

For each cancer site a subgroup of junctional tumours was 
identified**??. Among oesophageal cancers, junctional 
tumours were defined as any adenocarcinomas with an 
upper margin at least 35 cm from the incisors, or any 
tumour recorded as being a junctional adenocarcinoma at 
postoperative pathological examination. Among gastric 
cancers, junctional tumours were defined as any adeno- 
carcinoma designated as ‘cardia’ by either the surgeon or 
pathologist”?, 

Operative mortality was defined as death within 30 days 
of an operation. Each patient’s survival was tracked with the 
NHS Central Register, for between 25 and 37 months or 
until death. The Register records all deaths in England and 
Wales daily. Townsend and Carstairs area deprivation 
scores were derived from each patient’s postal code, linked 
to enumeration district data from the 1991 census**. 

Statistical analysis aimed to estumate the effect of doctor 
and hospital volumes on the use of investigations, choice of 
treatment, overall survival and operative mortality rate. 
Potential confounding was investigated first by examining 
relationships between prognostic variables, tests, treat- 
ments, doctor and hospital volumes, and outcomes. Doctor 
and hospital volumes had skewed distributions. Influences 
on operative mortality rate were examined using multiple 
logistic regression, and influences on survival time were 
examined with Cox’s proportional hazards model. Using 
Stata statistical software*’, all potentially influential prog- 
nostic variables, doctor and hospital volumes, tests and 
treatments were entered into the initial models. Prognostic 
variables included age, sex, symptoms (weight loss, dys- 
phagia and intestinal bleeding), co-morbidities (ischaemic 
heart disease, chronic obstructive airway disease, diabetes 
and hypertension), initial haemoglobin and albumin levels, 
use of diagnostic and staging investigations, tumour 
histology, node involvement, distant metastases, cancer 
stage, junctional tumours, emergency admission, treat- 
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ments provided, deprivation scores and, for operative 
mortality, the American Society of Anesthesiologists 
(ASA) grade. Stratified analysis was used to control for 
confounding by variables with non-proportional hazards”°. 

Doctor and hospital volumes were examined primarily as 
continuous variables. Potential interactions between types 
of treatment and hospital and doctor volumes were 
examined, as planned before. To convert the adjusted 
odds ratios or hazard ratios associated with a volume 
difference of one to ratios for larger volume differences, 
they were exponentiated to the power of the volume 
differences. Sensitivity analyses were conducted to assess 
the sensitivity of odds ratios and hazard ratios for doctor and 
hospital volumes to misclassification of the stage of 
unstaged patients. Patients with unknown stage were 
reclassified, first as having potentially curable disease (stages 
IL-HD, and then as having incurable disease (stage IV). To 
assess the influence on the regression results of potential 
clustering of outcomes among patients of the same doctor 
or hospital, the analyses were repeated using the Huber- 
White robust estimation ‘cluster’ procedure available in 
Stata’, 

The study was approved by the relevant multicentre and 
local research ethics committees. Further details of methods 
and results are available from the authors. 


Results 


Doctor and hospital volumes 


Some 781 patients with oesophageal cancer and 731 
patients with gastric cancer were identified in 23 hospital 
trusts. The distribution of patients by doctor and hospital 
volumes is shown in Table 1. Half of oesophageal patients 
and three-quarters of gastric patients were managed by 
doctors who dealt with less than one new patient with the 
respective cancer per month. Of patients who had surgery, 


Yable 1 Distribution of patients by doctor and hospital volumes 





Values are median (range; interquartile range). *Patients who 
underwent an operation 
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172 (53 per cent) of 322 patients with oesophageal cancer 
and 283 (70 per cent) of 405 with gastric cancer were 
operated on by surgeons who operated on less than one new 
patient per month with the respective cancer. A third (235 of 
727) of all surgical patients were operated on by surgeons 
who performed less than one oesophageal or gastric cancer 
operation per month. 


Case-mix 


For oesophageal cancer, no symptoms or co-morbid 
conditions were associated with doctor or hospital volume. 
Patients of higher-volume hospitals and doctors were 
significantly less likely to be admitted as an emergency 
(P = 0-04 and P < 0-001 respectively). Patients of higher- 
volume doctors were significantly more likely to have 
juncticnal tumours (P = 0-01) but there was no such 
association with hospital volume (P = 0-33). Cancer stage 
was associated with doctor (P < 0-001) but not hospital 
(P = 0-11) volume. Patients of higher-volume doctors were 
more likely to have stage HIH disease. 

For gastric cancer, patients of higher-volume doctors 
tended to be younger (P < 0-001) and were less likely to be 
admitted as an emergency (P < 0-001). Patients of higher- 
volume doctors were more likely to have stage I-III disease 
and less likely to have metastases or completely unstaged 
disease (P < 0-001). Patients of higher-volume hospitals 
were more likely to have metastases (P = 0-03). 


Investigations and choice of treatment 


Most patients had endoscopy and biopsy, but the provision 
of other investigations varied widely (Table 2). Patients of 
higher-volume doctors were significantly more likely to 
undergo various investigations, even after adjusting for 
prognostic factors known at the time of presentation. 

For both cancers, about a third of patients had a resection, 
which was more likely with earlier stages of disease (Tables 3 
and 4). After controlling for prognostic and clinical features, 
with both types of cancer patients of higher-volume doctors 
were more likely to undergo resection and less likely to 
receive none of the treatments considered (Table 5). Among 
patients with gastric cancer who underwent surgery, ‘open 
and close’ laparotomies were less likely (P = 0-05) with 
increasing doctors volume. Patients with oesophageal 
cancer of higher-volume doctors were more likely to have 
chemotherapy and were less likely to have radiotherapy, and 
patients with gastric cancer were more likely to have bypass 
surgery (Table 5). Patients with oesophageal cancer in 
higher-volume hospitals were more likely to have radio- 
therapy or dilatation; hospital volumes were not indepen- 
dently associated with any other type of treatment. 
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Table 2 Influence of doctor and hospital volumes on provision of investigations: logistic regression models 





Values in parentheses are 95 per cent confidence intervals. “Odds ratio for a volume difference of ten patients. Each model contains the respective 
test as outcome, and has doctor volume, hospital volume and influential clinical features as explanatory variables 


Table 3 Percentage of patients with oesophageal cancer who received specific treatments, by doctor and hospital volume tertiles 





*Numbers per year are shown in parentheses. +P value from logistic regression using continuous volume variable, without adjusting for co-variates 


Table 4 Percentage of patients with gastric cancer who received specific treatments, by doctor and hospital volume tertiles 





*Numbers per year are shown in parentheses. +P value from logistic regression using continuous volume variable, without adjusting for co-variates 
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Table § Influences of doctor and hospital volumes on treatment provision: logistic regression models 





Values in parentheses are 95 per cent confidence intervals. *Odds ratio for a volume difference of ten patients. Each model contains the respective 


test as outcome. and has doctor volume, hospital volume and influential clinical features as explanatory variables 


Operative mortality 


Of the 322 patients with oesophageal cancer who had 
surgery, 36 (11 per cent) died within 30 days of operation. 
The operative mortality rate was lower with increasing 
surgeons’ volume (P= 0-01), and was lower but nor 
significantly associated with increasing hospitals’ surgical 
volume (P = 0-057). In the multiple logistic regression 
model, operative death was about 5 per cent less likely for 
each extra patient treated by a surgeon per year (odds 
ratio 0-95 (95 per cent confidence interval (c.i.) 0-90 to 
1.00); P = 0-047), after adjusting for hospitals’ surgical 
volume, age, stage, ASA score, ischaemic heart disease and 
resection versus other operation (Table 6). 

Of the 405 patients with gastric cancer who had surgery, 
55 (14 per cent) died within 30 days. In the multiple logistic 
regression model, the operative mortality rate was lower 
with increasing doctor volume (Table 6). 

Since many surgeons perform both oesophageal and 
gastric cancer operations, oesophageal and gastric surgical 
patients were examined together. The operative mortality 
rate was significantly lower (P = 0-002) with increases 
in doctors’ pooled oesophagogastric surgical volumes 
(Table 6). 

Sensitivity analyses showed the primary analyses to be 
robust. 


Survival time 


All but two patients were matched with the NHS Central 
Register. All survivors were followed for at least 2 years 
(range 25-41, median 31 months). 
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Table 6 Influences of doctors’ surgical volumes on operative 
mortality: logistic regression models 





Values in parentheses are 95 per cent confidence intervals, "Odds ratio 
for volume difference of one exponentiated to power of the respective 
volume difference. +For oesophageal cancers, adjusted for hospital 
surgical volume, age, ischaemic heart disease, cancer stage, American 
Society of Anesthesiologists (ASA) grade, and resection versus other 
operation. For gastric cancers, adjusted for hospital surgical volume, 
age, albumin level and ASA grade. For oesophageal or gastric cancers 
combined, adjusted for hospital surgical volume, age, albumin level, 
ASA grade, resection versus other operation, tumour site (oesophageal, 
oesophageal junctional, gastric, gastric junctional), Other variables 
examined for possible inclusion in the model: emergency admission, 
weight loss, dysphagia, vomiting. co-morbidity, chemotherapy. 
radiotherapy 


For oesophageal cancer, before adjustment for con- 


founding, survival time was longer with higher doctor 
volume, higher hospital volume, younger age, no reported 
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Table 7 Predictors of survival time for all patients with oesophageal cancer: Cox's proportional hazards models 





Values in parentheses are “percentages or t95 per cent confidence intervals. {Continuous variable; hazard ratio for increase of ten units. §Stratitied 


by radiotherapy, chemotherapy and stent. T+, invasive tumour; N+, lymph node involvement, Q, quartile 


weight loss, no reported dysphagia, higher albumin levels, 
stage I-H cancer, adenocarcinoma, Barrett’s oesophagus 
and in patients who had a resection or chemotherapy or did 
not havea stent. There was no association with radiotherapy 
or with deprivation scores. Adjustment for case-mix and 
treatment reduced the strength of association of survival 
time with doctor volume, stage and resection, and 
eliminated the association with hospital volume. Results 
of the final model are shown in Table 7. This model 
included 750 patients with oesophageal cancer, 610 (81 per 
cent) ofwhom had died. The risk of death decreased by 8 per 
cent (hazard ratio 0-92 (95 per cent c.i. 0-85 to 0-99)), for a 
difference in doctor volume of ten patients per year, and 
there was a 29 per cent decrease (hazard ratio 0-71 (95 per 
cent c.i. 0-53 to 0-95)) for a volume difference of 40. 

For gastric cancer, survival time was longer with larger 
doctor volume, younger age, no vomiting, no weight loss, 
no junctional tumour, stage I-III disease, higher albumin 
levels and in patients who had resection or chemotherapy, 
but was not associated with radiotherapy or deprivation 
scores. Adjustment for case-mix and treatment increased 
the strength of the association of survival time with hospital 
volume and eliminated the association with doctor volume. 
The final model included 659 patients, 534 (81 per cent) of 
whom had died (Table 8). In the full model, the hazard ratio 
decreased with increasing hospital volume. There was a 
significant interaction between hospital volume and resec- 
tion (P = 0-013), with a hospital volume effect in the 
subgroup of patients who did not have a resection (hazard 
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ratio for a difference of ten patients 0-90 (95 per cent c.i. 0-83 
to 0-96)) and no effect in the subgroup who did (hazard ratio 
1-00 (95 per cent c.i. 0-96 to 1-10)). 

Teaching hospital status and patient deprivation scores 
were not independently associated with either operative 
mortality rate or survival time for either cancer. Sensitivity 
analyses recoding stage had minimal effect on hazard ratios 
for doctor or hospital volume. As with operative mortality, 
adjustment for clustering on doctor or hospital resulted in 
slightly lower P values and narrower confidence intervals for 
the doctor and hospital volume coefficients. 


Discussion 


This study confirms the diversity of case-mix, clinical 
practice and degrees of specialization among doctors and 
hospitals dealing with oesophageal and gastric cancer in a 
UK population of around 8 million. Overall results are 
similar to those found in the Welsh surgical audit’. In both 
series, more than 50 per cent of the surgeons who carried 
out operations for these cancers were doing less than one 
case per month. 

Importantly, potentially curable patients are more likely 
to be dealt with by ‘specialists’ (high-volume doctors), 
implying that some degree of selection occurs in the process 
of referral. It might then be inferred that overall improve- 
ments in survival, higher rates of surgery and lower 
operative mortality rates achieved by high-volume doctors 
merely reflect this selection bias. Detailed analyses, how- 
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Table 8 Predictors of survival ume for all patients with gastric cancer: Cox’s proportional hazards models 





` Adjusted 


Values in parentheses are “percentages or +95 per cent confidence intervals. [Continuous variable; hazard ratio for increase of ten units. §Stratified 


by radiotherapy and chemotherapy, T+, invasive tumour; N+, lymph node involvement; Q, quartile 


ever, indicate that this is not true, as the effect remains after 
adjusting for age, stage and co-morbid disease. 

Once case-mix is taken into account, higher-volume 
doctors also used a wider range of investigations. This is 
seemingly not due to better access to scarce facilities, as 
there was no association between the use of such tests and 
hospital volume. Not surprisingly, a greater use of 
diagnostic and staging investigations by high-volume 
doctors led to a greater proportion of patients being staged 





completely. 

For both oesophageal and gastric cancer, the operative 
mortality rate decreased as the surgeons’ volume increased, 
even after many confounding case-mix factors were taken 
into consideration. These are large effects: a difference in 
surgeon volume of ten cases per year predicts a risk 
reduction in operative mortality of about one-third. 

Equally important was the finding of an overall survival 
advantage for both high-volume doctors and hospitals 
across the full spectrum of patients, including the majority 
who did not undergo surgery. Seemingly, patients thought 
to have a poor prognosis tend to be referred to, or remain 
under the care of, low-volume clinicians and hospitals. 
They are then less likely to be investigated and treated, and 
this may adversely affect their outcome. This passive 
management may partly explain the poor survival associated 
with these cancers in the UK compared with other 
developed countries'. The fact that resection rates in this 
and other UK studies*’** are lower than in North 
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American +0 and Asian’??? case series would tend to 


support this view. 

The better survival for patients with gastric cancer as a 
whole was associated with hospital but not doctor volume, 
suggesting that aspects of hospital care, such as specialized 
nursing, palliative care or access to resources that might 
influence the timing of appropriate interventions, may all 
play a part in improved outcome. 

For patients with oesophageal cancer as a whole, 
improved survival was associated with doctor volume and, 
for both cancers, the operative mortality rate was associated 
with increasing doctor volume. These results imply that, for 
this subsite, experience of the surgical team is crucial. 

In all studies of this nature, potential sources of error 
merit close examination. The term ‘specialization’ was 
applied here to hospitals’ and doctors’ patient volumes, an 
approach used elsewhere*®'*’* and preferable to terms 
used in other studies such as ‘teaching hospital >t, ‘multi- 
disciplinary team” or ‘consultants with an interest in ..."", 


Patient volumes have the advantage of being unambiguous 
and objective indicators of current practice’. 






NHS trusts in the region, large sample sizes, prospective 
cohort design, prospective identification of cases which 
allowed virtually all hospital records to be traced and 
examined, inclusion of a wide range of clinical information, 
use of a robust and objective measure of specialization, 
tracking of survival of almost all cases, and extensive 
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multivariable data analyses. The main limitatons were 
exclusion of patients not admitted to participating hospitals, 
reliance on hospital sources to identify cases, imperfect 
information on prognostic factors and variable quality of 
hospital records. 

The study provides an overview of the great diversity of 
case-mix, clinical practice and degrees of specialization of 
doctors and hospitals in an entire region of the NHS in the 
UK, and identifies underlying patterns of care. It shows that 
more patients with potentially curable disease tend to be 
referred to specialist doctors. It also suggests, however, that 
patients of non-specialist doctors and hospitals are less 
likely to receive effectrve investigations and treatments, 
regardless of their clinical presentation. Viewed together 
with the evidence of a lower mortality rate with more 
specialized care of these patients, the study supports the 
concentration of cancer care in the UK. 
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Beckgrounc: The outcome and prognostic factors after revascularization of acute thromboembolic 
occlusion of the superior mesenteric artery (SMA) are poorly documented. 

Methode: Sixty patients with acute thromboembolic occlusion of the SMA had revascularization 
procedures at 21 hospitals from 1987 to 1998. They were registered prospectively in the Swedish 


Vascular Registry. Patient files were analysed retrospectively. 
Results: The median age of the patients was 76 years; 73 per cent suffered from cardiac disease and 23 


per cent had previous vascular surgery. Onset of symptoms was classified as sudden (30 per cent), acute 
(33 per cent) or insidious (37 per cent). The occlusions were thought to be either embolic (67 per cent) 
or thrombotic (33 per cent). The diagnosis was suspected on first examination in 32 per cent of patients, 
a group whose median time to operation was shorter (P = 0-01). Fifty-eight patients had an exploratory 
laparotomy and subsequent revascularization, and two were treated with thrombolysis alone. Second- 
look laparotomy was performed in 41, and third look in eight patients; 19 required an additional bowel 
resection. The overall mortality rates were 43, 52, 60 and 67 per cent at 30 days, discharge, 1 and 
5 years, respectively. No patient was dependent on intravenous nutrition after 1 year. Previous vascular 
surgery resulted in a higher institutional mortality rate (79 per cent; P = 0-02). Patients who had a 
sudden onset of symptoms outside hospital had a better outcome (mortality rate 27 per cent; P = 0-02). 
Conciusiom Many non-diagnostic rediological examinations were performed and a routine second-look 
is warranted. The results suggest that attempts at revascularization procedures for acute mesenteric 


ischaemia may improve the outcome. 


Paper accepted 21 March 2002 


Introduction 


Acute thromboembolic occlusion of the superior mesen- 
teric artery (SMA) 1s a condition with a dismal prognosis. In 
a report on 53 patients who had surgery between 1969 and 
1984 the mortality rate was 85 per cent’. Among 57 patients 
who had surgery between 1987 and 1993 the mortality rate 
was similar, 83 per cent’. Endean etal.’ reported a some- 
what lower mortality rate of 60 per cent among 43 patients 
treated between 1993 and 2000, 14 of whom had undergone 
revascularization surgery; this suggested that contemporary 
treatment with more frequent use of revascularization 
might umprove the prognosis. In a review in 1995, Bradbury 
etal.’ stated that ‘data on the long-term results of 
emergency mesenteric revascularization are sparse and 
difficult to access’. 

In the Swedish Vascular Registry (Swedvasc), indications 
for surgery, preoperative risk factors, details regarding the 
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operative procedure, and outcome at 1 month and 1 year 
are reported prospectively’. Previously data from the 
registry have been used to study the incidence of, and risk 
factors for, bowel ischaemia after aortoiliac surgery®” by 
combining the prospective data from the registry with 
retrospective data from the patient records. 

The aim of this study was to review the clinical course of 
patients with acute thromboembolic occlusion of the SMA, 
and to try to identify risk factors associated with survival in 
the subgroup of patients who undergo revascularization. 


Patients and methods 


Records from Swedvasc between 1987 and 1998 were 
examined; only patients undergoing a vascular surgical 
reconstruction were registered. Among 7634 patients who 
had surgery for acute thromboembolism, 84 patients (1 per 
cent) from 26 hospitals had reconstruction of the SMA. The 
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case notes of these patients were requested for review. Five 
hospitals, in which 14 patients were treated, decided not to 
participate. Ten of the remaining 70 patients were excluded: 
files could not be found for four, in three no revasculariza- 
tion procedure had been performed and one patient 
underwent reconstruction of the SMA after resection of a 
tumour. Two patients had surgery for aortic occlusive 
disease within 30 days before thromboembolic occlusion of 
the SMA. They were included in a cohort of patients with 
intestinal ischaemia complicating aortoiliac surgery, and 
had been studied previously’. The remaining 60 patients 
from 21 hospitals were included in the study. 


Statistical analysis 


Statistical analysis of continuous variables was performed 
with Levene’s test for equality of variances, followed by 
student’s ¢ test. Discrete variables were analysed with the 
Pearson y° test. Postoperative survival was analysed 
according to the Kaplan-Meier method. P < 0-05 was 
considered significant. 


Results 


The median age was 76 (range 35-90) years in the 35 women 
and 25 men studied. Preoperative risk factors included 
previous reconstructive vascular surgery in 14 patients, 
diabetes in ten, hypertension in 25, cerebrovascular disease 
in 14, pulmonary disease in six, renal insufficiency in four 
and smoking in nine patients. Forty-four patients suffered 
cardiac disease (Table 1), but only two patients were taking 
anticoagulant medication. Both had interruption of antic- 
oagulation treatment under protection of low molecular 
weight heparin after mesenteric embolization occurred. 
Eight of the patients reported previous symptoms compa- 
tible with intestinal ischaemia: four described intestinal 


Table 1 Characterization of cardiac disease in 60 patients with 
acute thromboembolic occlusion of the superior mesenteric 
artery 





Values in parentheses are percentages. Some patients had multiple 
pathology 
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angina, two had significant weight loss and three had 
chronic diarrhoea. 


Symptoms and signs 


Seventeen patients (30 per cent) suffered a sudden onset of 
severe abdominal pain (within minutes), 19 (33 per cent) 
developed acute pain (within 1 h), 21 (37 per cent) had an 
insidious onset of pain and in three the onset was unknown. 
The onset was no more sudden among patients thought to 
have embolic disease (P = 0-3). 

The cause of acute occlusion was considered to be 
embolic in 40 patients and thrombotic in 20. The sources of 
emboli were atrial fibrillation (30 patients), acute myocar- 
dial infarction (five), aortic thrombus (one), cardiomyo- 
pathy (one) or unknown (three). 

Diarrhoea was reported by 21 patients and was blood- 
stained in 11; 33 patients had vomiting. On presentation, 13 
had hac abdominal pain for less than 1 h, 22 for less than 
2 h, 42 for less than 12 h and 15 for more than 12 h. 

The signs on physical examination at presentation were 
recorded in 51 patients. In 27 (53 per cent) there was pain 
out of proportion to the signs, i.e. no sign of peritonitis in 
spite of intense pain. Fourteen patients (27 per cent) had 
signs of peritonitis. Other physical signs were distended 
(nine) or tympanic (four) abdomen, hyperperistalsis (two) 
and bleody stools on rectal examination (three). Two 
patients had simultaneous embolization to leg. 

The diagnosis of acute SMA occlusion was suspected at 
the time of the first examination in 19 patients (32 per cent) 
because of atrial fibrillation (11), recent stroke (six) or acute 
embolism to the leg (two), or the history of sudden onset 
(eight). 


Diagnosis 


Patients were recorded prospectively into the Swedvasc 
database; analyses of laboratory results were retrospective. 
The median white blood cell count on admission was 
16 200 (range 5000-81 000) per mm’; only two patients 
had a normal count. 

Plain abdominal radiography was performed in 35 
patients and barium follow-through in five. Paralytic ileus 
was seen in eight patients, intestinal obstruction in four and 
in 23 patients the radiological picture was inconclusive. 

Five patients were examined with duplex ultrasonogra- 
phy. One examination was impossible due to excessive 
bowel gas, in three patients arterial flow was verified in the 
proxima! segment of the SMA and in one patient no flow was 
detected. Plain abdominal! ultrasonography was performed 
in 16 patients. 
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Four computed tomography (CT) examinations without 
contrast were not diagnostic. Among six CT examinations 
with contrast enhancement two were diagnostic. In the 
false-negative examinations contrast was observed in the 
proximal SMA. 

The diagnosis was verified by angiography in 11 and at 
laparotomy in 49 patients. One patient had angiography 
after laparotomy, followed by revascularization. Among the 
12 patients examined by angiography five had a patent 
proximal segment of the SMA, with either a visible embolus 
or a distal occlusion. These lesions were interpreted as 
embolic. Seven patients had thrombotic occlusions at the 
origin of the SMA. 

After investigation, a median of 16 (range 1-5-408) h 
after presentation, 58 patients underwent exploratory 
laparotomy. At the time of the operation 38 (66 per cent) 
were suspected to have mesenteric ischaemia. Among the 20 
patients in whom the diagnosis was not suspected the 
preoperative diagnosis was peritonitis (nine), perforated 
appendicitis (five), intestinal obstruction (three), caecal 
volvulus, diverticulitis and gastrointestinal bleeding (one 
each). 

The median time between presentation and operation 
or thrombolysis was significantly shorter among patients 
in whom the diagnosis was suspected at first examination 
(6h) than among those in whom it was not (24 h) 


(P = 0.01). 


‘Treatment 


All 40 patients with SMA embolism were treated by 
embolectomy; one had additional intraoperative thrombo- 
lysis. Among the 20 patients treated for SMA thrombosis, 
ten had thrombectomy. Adjunctive procedures included 
patch angioplasty (two), on-table angioplasty (two) and 
aortic thrombectomy (one). Eight patients were treated 
with mesenteric bypass from the aorta (seven) or the 
common iliac artery (one) to the SMA (five) or to both 
mesenteric arteries (three). Finally, two patients were 
treated by thrombolysis without laparotomy, one of 
whom also underwent angioplasty. 

In all patients revascularization was considered a 
prerequisite for survival. Ten of 40 patients with embolic 
disease and 14 of 20 with thrombosis also required bowel 
resection at the primary procedure. A second-look opera- 
tion was performed in 41 patients and a third look in eight. 
Nineteen patients required additional bowel resection at 
relaparotomy. In all, 43 patients underwent bowel resec- 
tion; 42 had a resection of the small intestine (median 145 
(range 10-360) cm) and 20 had a colonic resection (median 
30 (range 15~120) cm). 
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Outcome 


The 30-day and in-hospital mortality rates were 43 and 52 
per cent respectively. The patients died a median of 6 (range 
0-72) days after surgery. On routine follow-up the mortal- 
ity rate had risen to 60 per cent at | year, but to only 67 per 
cent at 5 years. 

Many of the surviving patients were dependent on 
intravenous nutrition during the first months. Among the 
24 patients who were alive | year after surgery none was 
dependent on intravenous nutrition, but six required 
medication for diarrhoea. 


Prognostic factors 


In-hospital mortality was examined according to patient- 
and procedure-related factors (Tables 2 and 3). A history of 
previous vascular surgery was associated with a higher in- 
hospital mortality rate. Previous vascular surgical proce- 
dures were for embolism (four), chronic (four) or acute 
(two) ischaemia of the leg, aortic aneurysm (three) and 
thoracic aortic dissection. All procedures had been per- 
formed more than | year previously, except for two patients 
treated for embolism at the same admission. 


Table 2 Patient-related prognostic factors after revascularization 
for acute mesenteric ischaemia 





“Time from onset of pain until first examination by physician. tPearson 
x7 test 


www. bjs.co.uk British Journal of Surgery 2002, 89, 923-927 


926 Revascularization after acute occlusion of the superior mesenteric artery + M, Björck, S. Acosta, F. Lindberg, T. Troéng and P. Bergqvist 


The median delay from the first examination by a 
physician to laparotomy was shorter among the patients in 
whom the diagnosis was suspected, either initially or after 
diagnostic assessment (13 h), than among those in whom 
the diagnosis was not suspected (24 h) (P < 0-05), but this 
did not affect outcome. 

There was a non-significant (P = 0-06) improvement in 
survival in patients who presented between | and 12 h after 
the onset of symptoms. All 13 patients who were evaluated 
within | h from onset of symptoms were in hospital at the 
time. 

Since there was a tendency to a lower mortality rate 
among those who had a sudden onset of symptoms, and 
suspecting that patients already in hospital might have an 
adverse outcome owing to multiple disease, these factors 
were combined. The 15 patients with a sudden onset of 
symptoms and who were not in hospital had a better 
outcome. 

Various factors related to management were not asso- 
ciated with outcome (Table 3), including timing of bowel 
resection (at primary operation or at repeat laparotomy), 
length of bowel resected, perioperative administration of 
mannitol, type of thromboprophylaxis and requirement for 
inotropic support. 


Discussion 


In an 18-year retrospective review of 214 patients from 
Finland treated for acute intestinal ischaemia, the lowest 
mortality rate (51 per cent) was reported in the group of 


Table 3 Management-related prognostic factors after revascular- 
ization for acute mesenteric ischaemia 





“Time from first examination to laparotomy or thrombolysis. +Bowel 
resection at primary or secondary operation 
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patients treated by bowel resection only, a subgroup of 
patients (32 per cent) with less severe disease”. Most patients 
(61 per cent) were treated conservatively by exploratory 
laparotomy alone, with a mortality rate of 98 per cent. 
Fifteen patients (7 per cent) were treated with revascular- 
ization with a mortality rate of 87 per cent. At this large 
regional hospital less than one revascularization procedure 
was performed per year. In the present multicentre review 
60 patients were idenufied who had revascularization, witha 
better than expected long-term survival, and without the 
need for intravenous nutrition. 

Despite a high frequency of atrial fibrillation and 
cerebrovascular disease among the patients with embolic 
occlusions, only two were on anticoagulant treatment. 
Wartarin is underprescribed in patients with atrial fibrilla- 
tion and half of those treated have subtherapeutic anti- 
coagulation’. 

The prerequisite for successful revascularization is 
prompt diagnosis. The delay from the first examination to 
laparotomy was significantly shorter among the patients in 
whom the diagnosis was suspected; however, early diagnosis 
did not improve survival. This unexpected finding could be 
explained by variations in severity of the disease. Patients 
who were diagnosed and treated most quickly were those in 
hospital at the time. A higher proportion of patients who 
suffered a delay in diagnosis may not have been suitable for 
revascularization owing to extensive bowel gangrene. The 
present study only incluced patients who had a revascular- 
ization procedure. 

Considering that very few patients were examined by 
duplex imaging or CT, itis hard to draw conclusions on the 
value of these examinations. That some investigations 
showed a preserved bloed flow in the proximal segment of 
the SMA was explained by the fact that emboli to the SMA 
are often trapped where the artery tapers, some distance 
from its origin from the aorta. 

Among 35 plain abdominal radiographs, five barium 
follow-throughs, 16 ultrasonographic examinations, five 
duplex and ten CT scans, only three resulted in a correct 
diagnosis. Angiography was diagnostic in 11 patients before 
laparotomy and two patients had local thrombolysis. Most 
of these diagnostic measures merely delayed revasculariza- 
tion. 

A quick and reliable diagnostic test for intestinal 
ischaemia is needed to select patients for intervention. 
Plasma lactate concentration greater than 2-5 mmol/l is 
sensitive for bowel gangrene, but the test has a low 
specificity’. D-Lactate may be more specific than L- 
lactate''. The ideal laboratory test should detect ischaemia 
before gangrene has developed. Ina pilot study a raised level 
of D-dimer was found to have a high sensitivity for bowel 
ischaemia'”; a prospective study is under way. 
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More than half of the patients had abdominal pain and 
atrial fibrillation. However, in only 11 of the 34 patients 
with atrial fibrillation, and in only eight of the 15 with atrial 
fibrillation and a sudden onset of abdominal pain, was 
the diagnosis of mesenteric ischaemia suspected on 
first examination. A high index of clinical suspicion is 
fundamental. 

Patients thought to have SMA thrombosis required 
bowel resection more frequently than those thought to 
have embolism. Thrombotic occlusion occurs at the origin 
of the SMA, flush with the aorta, and does not permit 
collateral flow through the first branches of the SMA. 

Patients with a history of previous vascular surgery had an 
adverse outcome and patients with a sudden onset of 
abdominal pain outside hospital had a favourable outcome. 
It was not possible to identify any procedure-related factors 
affecting outcome. Although this study included a sig- 
nificant number of patients having revascularization, there 
remains the possibility of a type I statistical error. 

Most Swedish surgeons performed a routine second-look 
laparotomy in these patients after mesenteric revasculariza- 
tion. The high frequency of second-look operations 
appeared warranted as half of the patents required 
additional bowel resection. The 19 patients who did not 
have reoperation either had no signs of peritonitis or sepsis 
(favourable prognosis) or a decision to withhold treatment 
was taken (dismal prognosis). This group had the same 
overall mortality rate as those who had repeat laparotomy. 

In this subgroup of patients who had revascularization 
procedures for mesenteric ischaemia, both in-hospital and 
5-year survival rates were favourable. No patient needed 
intravenous nutritional support 1 year after surgery. 
Although mesenteric ischaemia ıs often a diagnosis of 
exclusion, the large number of non-diagnostic radiological 
examinations may have resulted in unnecessary delay. It 1s 
important to have a high index of suspicion and to verify the 


diagnosis with laparotomy or angiography. 
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Background: Laparoscopic resection of intra-abdominal malignancies has yet to be widely adopted, 
partly because of concerns over the possible increase in the rate of port-site metastasis. The aetiology of 
these is unclear, but the laparoscopic instrumentation used may influence the deposition of tumour cells 
at the port sites during operation. An in vitro model to examine tumour cell adherence to laparoscopic 
ports and to port sites was developed to examine this hypothesis. 

Methods: A pilot study (study 1) was performed in which six smooth plastic, six ribbed plastic and six 
metal ports were introduced through the shaved abdominal wall of a cadaveric sheep and suspended in a 
water-bath containing radiolabelled LIM 1215 human colonic cancer cells for 30 min. Radioactivity on 
both ports and port sites was measured and the number of cells adherent to each structure was 
calculated. The study was expanded to include a further 36 smooth plastic ports and 36 metal ports 
(study 2). 

Results: In study I metal ports were found to have significantly more adherent cells than plastic ports 
(P = 0-004), as did ribbed ports when compared with smooth ports (P < 0-05). In study 2 increased 
numbers of cells were again detected on metal ports (P < 0-001) when compared with plastic ports. 
Significantly greater numbers of cells were also detected on the sites through which metal ports had 
passed than on sites through which plastic ports had passed (P = 0-03). 

Conclusion: In this model, the use of metal ports as opposed to plastic ports resulted in increased 
deposition of tumour cells on both ports and port sites. 
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introduction 


Debate continues in the literature as to whether there is an 
increased risk of developing a wound metastasis within the 
port site following laparoscopic surgery for malignancy 
compared with the risk of developing a recurrence in a 
laparotomy wound following an open procedure for 
malignancy! ^. 

Many possible aetiological mechanisms have been 
advanced to explain this increased risk, with the majority 
of published work suggesting that the predominant 
mechanism involves the direct spread of free viable 
intraperitoneal tumour cells to ports and/or instruments 
and then to port sites during operation’. This would imply 
that some tumour cells must adhere to ports and instru- 
ments in order for them to be transmitted to port sites, 
which has already been shown experimentally’. 
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It differences between port composition influence the 
ability of tumour cells to adhere to ports and hence effect 
contamination of the port sites, this may play a role in 
altering the risk of developing a port-site metastasis. 


Methods 


LIM 1215 human colore cancer cells were grown in 75-ml 
plastic flasks containing Dulbecco’s modified Eagle’s 
medium (DMEM; ICN Biomedicals, Costa Mesa, 
California, USA). The cells were harvested when they 
were 80-90 per cent confluent across the base of the culture 
Hasks, by washing with 20 ml phosphate-buffered saline 
(PBS) and then incubating them for 5 min at 37°C with 0.05 
per cent trypsin solution (Gibco BRL, Gaithersburg, 
Maryland, USA). The free cells were suspended in 20 ml 
DMEM and centrifuged at 400g for 5 min; the supernatant 
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was then discarded and the cells were resuspended in 20 ml 
PBS. An aliquot of this solution was taken and examined ina 
haemocytometer to calculate cell numbers, and a further 
small aliquot was incubated for 3 min with 0-02 per cent 
trypan blue solution (Flow Laboratories, Sydney, New 
South Wales, Australia) to calculate cell viability. Cells were 
radiolabelled by the addition of 1 GBq of ”™Tc-labelled 
exametazime (Ceretec™, Amersham, Castle Hill, New 
South Wales, Australia) to the suspension, and then 
incubated for 15 min in a water-bath maintained at 37°C. 
To remove unbound ”™Tc-labelled exametazime, cells 
were washed in 50 ml PBS, centrifuged at 400g for 5 min, 
and the supernatant was discarded. This process was then 
repeated for two more cycles before the radiolabelled cells 
were finally suspended in 10 ml PBS. 

The radiochemical purity of ”™Tc-labelled exameta- 
zme was checked before cell labelling, according to a 


minicolumn method®, 


Study 1 


The flask containing the cell suspension was placed on a y 
camera using a low-energy collimator (Serle™; Serle 
Nucleonics, Chicago, Illinois, USA) connected to a 
computer (Microdelta; Siemens, Gammasonics, Hoffmann 
Estates, [linois, USA). The number of counts present in this 
sample was acquired over 2 min; the cells were then 
removed and shielded to permit measurement of back- 
ground activity. 

A sample of 30 million radiolabelled LIM 1215 cells was 
added to a water-bath that had been heated to 37°C and 
contained 20 litres water. An anterior abdominal wall was 
excised from a shaved cadaveric sheep and secured in place 
above the water-bath. 

Three sets of six ports were placed through this 
abdomunal wall such that the shafts were immersed in the 
water, in which they remained for 30 min. Circulation of 
the water was maintained by an agitator. 

The sets of ports comprised six smooth plastic 11-mm 
ports (Endopath®; Johnson and Johnson Medical, North 
Ryde, New South Wales, Australia), six ribbed plastic 11- 
mm ports (Endopath®) and six metal 11-mm ports (Spartan 
Applied Medical, Rancho Santa Margarita, California, 
USA). 

Each port was excised in a block containing the port site 
after the incubation period had ended, and the ports were 
then withdrawn from the port site. The radioactivity of both 
ports and port sites was measured individually by placing 
them on the y camera for a 2-min acquisition period. 

The number of cells present on each sample was 
calculated after correction for background activity and 
radioactive decay by comparing the corrected counts from 
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each sample with the number of counts from the original 
sample of 30 million cells. 


Study 2 


In the second study a similar protocol was followed except 
that 36 metal ports were compared with 36 smooth plastic 
ports and the acquisition of data was altered to permit 
improved cell resolution. 

A 0-1-ml sample was withdrawn from the cell suspension 
of 30 million radiolabelled cells in 10 ml PBS and diluted to 
5 ml with 0.9 per cent saline. A further 0-1-ml aliquot of this 
diluted suspension was withdrawn and placed in a large- 
volume counter (Biosentry; AEI-EKCO, Australia) linked 
to a multichannel analyser (model 3100; Canberra 
Industries, Meriden, Connecticut, USA), with its radio- 
activity measured over 10 s. This provided the radioactivity 
from a diluted suspension containing 6000 cells. Back- 
ground activity was also measured over this period. 

To calculate cell numbers on ports and port sites, these 
were also placed separately in the large-volume counter for 
10 s, and the amount of radioactivity was compared with 
that in the initial sample of cells, with corrections made for 
background activity and radioactive decay. 

All measurements from the large-volume counter were 
repeated, and the mean value was recorded. 


Statistical analysis 

The data were analysed on an [BM-compatible personal 
computer utilizing StatsDirect® 1.612 (CamCode, Ashwell, 
UK). An analysis of variance (ANOVA) was performed for 
analysis between three groups, the Mann—Whitney U test 
for analysis between two groups, and simple lmear 
regression for the analysis of correlation between individual 
port and port-site data. P < 0-05 was considered significant. 


Cell resolution 


Cell resolution was calculated as the number of cells 
required to produce a significant increase in activity above 
background levels (P < 0-05), and was 50 radiolabelled cells 
for study 1 and one radiolabelled cell for study 2. 


Reeutts 


Study 1 


Smooth plastic ports had the fewest tumour cells deposited 
on them (mean 5620 (range 711—7665)), ribbed plastic ports 
had more cells present (mean 7925 (range 4894-10 561)), 
and metal ports had the greatest number (mean 9465 (range 
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Ribbed Metal 
port port port 


Smooth 


Fig. 1 Corrected number of cells found on smooth plastic, 
ribbed plastic and metal ports. Median, interquartile range and 
range are indicated by horizontal bar, shaded box and error bars 
respectively. *P < 0-05, TP = 0-008, £P = 0-002 (Mann-Whitney 
L test) 


5574-11 806)). Statistically significant differences existed 
between these three groups of ports (P = 0-004). 

Metal ports had significantly more adherent tumour cells 
than both smooth plastic ports (P = 0-002) and ribbed 
plastic ports (P = 0-008). Ribbed plastic ports had signifi- 
cantly more tumour cells than smooth plastic ports 
(P < 0-05) (Fig. 1). 

There was no statistical ditference in the number of cells 
deposited on the port sites between the three groups 
(P = 0.55) and, on separate analysis, no significant differ- 
ence when the number of cells on metal port sites was 
compared with that on either smooth (P = 0.31) or ribbed 
(P = 0-24) ports (Fig. 2). 


Study 2 


Significantly more cells were detected on metal ports 
(Fig. 3). Additionally in this study, more cells were 
deposited on the port sites through which metal ports had 
passed, compared with the port sites through which plastic 
ports had passed (Fig. 4). 

The number of cells detected on a port correlated with 
the number of cells on the port site through which it had 
been passed G7 = 0-14, P = 0-001). 


Discussion 


Previous studies have demonstrated that tumour cells 
adhere to instruments and ports during laparoscopic 
7 ie s 
surgery” and that significantly more cells are found on 
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Fig. 2 Corrected number of cells found on smooth plastic, 
ribbed plastic and metal port sites. Median, interquartile range 
and range are indicated by herizontal bar, shaded box and error 
bars respectively. There were no significant differences between 
the groups 


the main operating port’. This, in conjunction with reports 
that operating or extraction port sites are at greatest risk of 
port-site metastasis’, provides some evidence that if 
increased numbers of viable tumour cells are deposited on 
port sites this may increase the probability that at least one 
of these cells may successfully complete the necessary steps 
to form a metastasis. 

Assuming that the deposition of viable tumour cells 
within the port site is dependent on port contamination and 
that this leads to the development of port-site metastasis, 
the overall rate of port-site metastasis should be reduced by 
strategies to clean or lavage the ports with cytotoxic 
solutions. There is some evidence that this strategy may 
be useful in other experimental studies: Eshraghi etal.” 
reported that lavage of ports with 5-fluorouracil in rats 
following intraperitoneal injection of tumour cells reduced 
the incidence of port-site metastasis from 81 to 30 per cent 
in comparison with controls. A similar study reported by 
Wu etal.’ found that topical treatment of port sites and 
ports with povidone-iedine reduced the incidence of port- 
site metastasis in hamsters from 93 per cent in controls to 75 
per cent. 

In clinical practice, Franklin et a/.'* routinely lavage ports 
with povidone-iodine solution and have reported no port- 
site metastasis in a series of 191 resections. 

Neuhaus etal? have suggested that electrostatic or 
molecular forces may result in tumour cells adhering to 
ports. If this is correct, differences in the material used to 
construct ports might lead to additional differences in 
tumour cell adherence and deposition on port sites. 
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Fig. 3 Corrected number of cells found on smooth plastic and 
metal ports. Median, interquartile range and range are indicated 
by horizontal bar, shaded box and error bars respectively. 

*P < 0-001 (Mann—Whitmey U test) 


A pilot study demonstrated that metal ports had 
significantly more tumour cells adherent to them than 
ribbed or smooth plastic ports. The data from this study also 
demonstrated a trend for increased numbers of cells on the 
port site following removal of metal ports. The main study 
was subsequently designed to identify whether the use of 
metal ports in a bench-top model resulted in increased 
tumour cell deposition in port sites when compared with 
plastic ports. 

A considerable difference in cell adherence between 
metal and plastic ports was demonstrated, and this 
correlated with a corresponding increase in the number of 
tumour cells deposited in the port site. A regression analysis, 
however, suggested that almost 500 cells would contam- 
inate port sites if ports were uncontaminated. This may be 
due to imprecision within the study, where the zero point 
was not included within the 95 per cent confidence intervals 
and turbulence in the water-bath produced ‘splashes’ of 
tumour cells on to the underside of the abdominal wall. 

The mechanism for cell adherence to ports is unclear. 
Earlier studies concluded that tonic and electrostatic 
charges are important for binding of cells to artificial 
surfaces'*”!*. Cellular adherence is also known to be higher 
to surfaces with increased irregularities'® and less to 
surfaces coated with Teflon™ (Du Pont, Stevenage, 
Uke, 

It is possible that the major factor influencing the 
observed differences in the present study was the variation 
in surface characteristics between metal and plastic ports. 

However, these results may not be applicable to 
laparoscopic or laparoscopically assisted resections for 
intra-abdominal malignancies, for several reasons. 
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Fig. 4 Corrected number of cells found on smooth plastic and 
metal port sites. Median, interquartile range and range are 
indicated by horizontal bar, shaded box and error bars 
respectively. *P = 0-03 (Mann-Whitney U test) 


Cell adherence varies between different cell lines and 
thus, although a human colorectal cell line LIM 1215 was 
utilized, it is possible that this cell line does not reproduce 
adherence patterns of most tumour cells. 

One important assumption is that radioactivity measured 
on ports and port sites was related to ””"Tc-labelled 
exametazime bound to cells, with all unbound "°" Te- 
labelled exametazime removed from the suspension by the 
labelling technique. In support of this, the technique is used 
routinely in clinical practice, with the label bound 
predominantly (more than 90 per cent) to cytoplasmic 
structures within cells, and the label leaches from cells at a 
rate of approximately 2 per cent per h’”. As these studies 
were completed within a 3-h timeframe, such factors are 
likely to have had a negligible effect on the results. 

Although there is circumstantial evidence that the 
incidence of port-site metastasis following resection of 
digestive tumours has decreased as experience of the 
technique has increased, it 1s still of paramount importance 
to reduce this rate to the lowest achievable level. Further 
work in a larger 7 vivo animal study is required to delineate 
the effect of the material composition of ports on tumour 
cell adherence and its possible relevance in clinical practice. 
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Backgrounds Chronic renal allograft nephropathy is characterized by an abnormal accumulation of 
extracellular matrix proteins in the glomeruli and tubulo-interstitium. The aim of this study was to 
determine the relationship between intragraft expression of the genes controlling the accumulation of 
extracellular matrix and the development of chronic renal allograft nephropathy in human renal 
transplants. 

Methods: Forty renal allografts with stable renal function were biopsied 6 months after transplantation. 
Single glomeruli were plucked from the surface of these protocol biopsies and total messenger RNA 
(mRNA) was extracted. Reverse transcriptase-polymerase chain reaction was used to study the 
intragraft expression of several fibrosis-associated genes (collagen II, collagen [Va2, matrix 
metalloproteinase (MMP) 2, tissue inhibitors of metalloproteinases (TIMPs) 1 and 2, tenascin and 
transforming growth factor (TGF) 81). The level of tubulo-interstitial fibrosis was measured by 
quantitative immunostaining of collagen II. 

Reeults: There were positive correlations between the level of tubulo-interstitial collagen IM 
immunostaining and intragraft expression of the genes for TIMP-1 (rs = 0-70, P < 0-02) and TIMP-2 
(r= 0-59, P < 0-02). Interstitial fibrosis was also strongly correlated with the levels of TGF-B mRNA 
(r= 0-67, P < 0-002). Finally, TIMP-1 expression increased with TGF-B expression (r,=0-77, 
P < 0-002). 

Conclusion: Failure of extracellular matrix degradation may be an important molecular mechanism in 


the pathogenesis of chronic renal allograft damage. 
Paper accepted 12 February 2002 


introduction 


Chronic allograft nephropathy is a leading cause of late 
renal transplant failure, accounting for 50-80 per cent of 
graft losses in patients who survive after the first year'*. The 
pathological process that underlies chronic allograft 
nephropathy 1s an excessive deposition of extracellular 
matrix proteins, leading to glomerulosclerosis and inter- 
stitial fibrosis*’*. The most abundant matrix proteins that 
accumulate are the type [ and I] fibrillar collagens and non- 
fibrillar type IV basement membrane collagen’. These 
proteins have been thought of as inert but, in common with 
other proteins, they are in a state of dynamic equilibrium, 
involving a balance between synthesis and degradation. 
Collagen degradation is controlled by a number of protease 
systems and derangement of these may be important in the 
pathogenesis of renal transplant fibrosis. The aim of the 
present study was to explore the relationships between 
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intragraft expression of a number of the genes that control 
the accumulation of extracellular matrix and the develop- 
ment of chronic allograft damage in human renal trans- 
plants. 


Patients and methods 


Forty patients with a kidney transplant and stable renal 
function underwent protocol needle-core biopsy of the 
allograft 6 months after transplantation. All patients gave 
written informed consent to undergo renal transplant 
biopsy and the local ethics committee approved the study. 
Biopsies were performed under real-time ultrasonographic 
guidance using a spring-loaded biopsy gun®; two 16-G cores 
were obtained. The first core was processed for molecular 
studies of intragraft gene expression and the second was 
used for immunohistochemistry. 
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Messenger RNA extraction and quantification 


The methods used have been described in detail pre- 
viously". Messenger RNA (mRNA) was extracted from 
isolated glomeruli by immediately immersing them into 
lysis buffer (Tris-HCI 100 mmol/l (pH 8), lithium chloride 
500 mmol/l, ethylene diamine tetra-acetic acid 10 mmol/l, 
lithium dodecyl sulphate 1 per cent, dithiothreitol 5 mmol/l; 
Dynal, Bromborough, UK) and incubating for 1 h at 37°C 
with proteinase K 50 ug/mi (Roche, Lewes, UK). The total 
mRNA thus extracted was purified using oligo-dT-linked 
Dynabeads” (Dynal), which are paramagnetic beads 
synthesized with polythymine tails that anneal with the 
polyadenine tails present in all mRNA species. The 
glomerular mRNA was purified by applying a magnet to 
the side of the tube and pipetting off the supernatant. 
Complementary DNA (cDNA) strands were synthesized 
for each MRNA molecule by reverse transcription. This 
produced a stable Dynabead-linked cDNA library for each 
glomerulus. Specific cDNA molecules were amplified by 
polymerase chain reaction (PCR) and quantified using an 
enzyme-linked immunosorbent assay (ELISA) system 
(Thermolite Sciences, Basingstoke, UK). All primers and 
probes were designed in-house and are listed in Table 1. 
Where possible, primers were designed to span introns. 
Primers and probes were synthesized by Life Technologies 
or GenoSys Biotechnologies Europe (Pampisford, UK). 
Forward primers were synthesized 5’-biotinylated to enable 
capture on a biotinylated ELISA plate coated with avidin. 
After removal of the reverse strand, the cDNA species of 
interest were identified by hybridization with a specific 
hapten-linked probe. An antihapten antibody conjugated 
alkaline phosphatase was used to catalyse a colorimetric 
reaction in the fluid phase that was proportional to the 
amount of reverse transcriptase (RT)-PCR product in the 
ELISA well. 

Competitive RT-PCR for glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was also used. This glycolytic 
enzyme is expressed constitutively in all cells; the amount of 


Table 1 Primer and probe sequences used in this study 


, 
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GAPDH transcript therefore correlates with the total 
amount of mRNA in the glomerulus and was used to 
correct for differences in the cellularity of individual 
glomeruli, as well as differences in the efficiency of separate 
RT-PCR reactions. A competitor cDNA template for 
GAPDH was constructed and co-amplified with the 
unknown amount of native GAPDH. Previous investiga- 
tion demonstrated a linear relationship between the ratio of 
competitor to native signal and the amount of competitor 
added for levels between 5 and 90 femtograms*. This 
relationship allowed calculation of the total amount of 
native GAPDH in each sample. 

The expression of each gene of interest was calculated as a 
ratio between the amount of amplified cDNA for that gene 
and the amount of native GAPDH. The methods described 
were used to quantify the intragraft expression of glomeru- 
lar collagen IH, collagen [Vo2, matrix metalloproteinase 
(MMP) 2, tissue inhibitors of metalloproteinases (TIMPs) | 
and 2, tenascin and transforming growth factor (TGF) B1. 


Immunohistochemistry 


Immunohistochemistry was carried out as described pre- 
viously”. Paraffin wax sections (3 um) were cut from renal 
transplant biopsies and, after dewaxing, were treated with 6 
per cent hydrogen peroxide to block endogenous per- 
oxidase. Sections were exposed to 0-1 per cent trypsin in 
0.12 per cent calcium chloride, pH 7-8, for 25 min at 37°C. 
An indirect immunoperoxidase method was used; the 
primary antibody to type HI collagen (Europath 
Diagnostics, Bude, UK) was applied overnight at 4°C. In 
order to facilitate subsequent image analysis a counterstain 
was not used. 


Image analysis 


Sections were viewed on a Zeiss photomicroscope (Carl 
Zeiss, jena, Germany) with a video camera linked to the 





ELISA, enzyme-linked immunosorbent assay; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; MMP, matrix metalloproteinase; TIMP, tissue 
inhibitor of metalioproteinase,; TGF, transforming growth factor 
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inbuilt framegrabber board of an Apple Macintosh micro- 
computer (Cupertino, California, USA). The histological 
images were imported directly to the freeware image 
analysis programme (NIH-image; National Institute of 
Health, Bethesda, Maryland, USA). Sequential fields of 
renal cortex were captured using the X 10 objective, 
moving along the central line of each biopsy specimen 
from one end of the available cortex to the other without 
overlapping. To calculate the area fraction of collagen III 
immunostaining, a threshold was applied to each image at a 
constant level. This allowed stained components rendered 
black to be distinguished from unstained background which 
was rendered white. The proportion of black to white pixels 
in the image was calculated and expressed as a percentage to 
describe the volume fraction of the tissue that was occupied 
by collagen III'’. This method has been validated 
previously using human renal allograft biopsy material”. 


Statistical analysis 


The RT-PCR data from individual glomeruli were pooled 
and represented as a mean value for each biopsy specimen. 
Complete data sets were not available for every biopsy as 
some of the mRNA species under consideration were not 
detected in all biopsy specimens. The relationship between 
the intragraft expression of different genes and the level of 
collagen II] immunostaining was analysed using 
Spearman’s rank correlation coefficient calculated by the 
statistical programme Graphpad® Instat (Graphpad 
Software, San Diego, California, USA). P < 0-05 was 
considered significant. 


Results 


Clinical details of the 40 patients are presented in Table 2. 
‘Twenty-two patients were immunosuppressed with cyclo- 


Table 2 Patient details 





*Values are mean(s.d.) 
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sporin (15 mg per kg per day reducing by 2 mg per kg per 
week to a baseline of 5 mg per kg per day) and 18 with 
tacrolimus (0-2 mg/day) There was a positive correlation 
between collagen HI immunostaining and intragraft 
expression of the mRNA for TIMP-1 (rs = 0-70, P < 0-02; 
Fig. 1) and TIMP-2 (r; = 0-59, P < 0-02; Fig. 2). Collagen 
HI immunostaining also correlated with the level of 
intragraft TGF-B mRNA expression (rs = 0-67, P < 0-002; 
Fig. 3). A weakly positive correlation was noted for the 
relationship between collagen IH protein deposition and 
intragraft mRNA for collagen II (rs =0-41, P < 0-05). 
There was no correlation between collagen HI protein 
deposition and expression of the genes collagen [Vo2 
(rs =0-16, P> 0-2), MMP-2 (r; =0-24, P>0-2) or the 
glycoprotein tenascin (r = 0-12, P > 0-2). Examination of 
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TIMP-1/GAPDH mRNA expression (arbitrary units) 


Fig. 1 Correlation between collagen HI immunostaining and 
intragraft expression of messenger RNA (mRNA) for tissue 
inhibitor of metalloproteinase (TIMP) 1. GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase 
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0 2 4 6 8 10 12 
TIMP-2/GAPDH mRNA expression (arbitrary units) 


Fig. 2 Correlation between collagen IH immunostaining and 
intragraft expression of messenger RNA (mRNA) for tissue 
inhibitor of metalloproteinase (TIMP) 2. GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase 
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Fig. 3 Correlation between collagen HI immunostaining and 
intragraft expression of messenger RNA (mRNA) for 
transforming growth factor (TGF) B. GAPDH, glyceraldehyde- 
3-phosphate dehydrogenase 


TIMP-1/GAPDH mRNA expression 
{arbitrary units) 





0 0-5 1-0 1-5 2:0 
TGF-B/GAPDH mRNA expression (arbitrary units) 


Fig. 4 Correlation between intragraft expression of messenger 
RNA (mRNA) for transforming growth factor (TGF) B and 
mRNA for tissue inhibitor of metalloproteinase (TIMP) 1. 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase 


the relationship between levels of CDNA expression for the 
various fibrosis-associated genes studied showed a positive 
correlation between TGF-B and TIMP-1 mRNA (s = 0-77, 
P < 0-002; Fig. 4). 


Discussion 


This study showed that intragraft expression of mRNA for 
TIMP-1 and TIMP-2 was significantly correlated with 
human renal allograft interstitial fibrosis measured by 
collagen I immunostaining. Previous work in the field of 
renal fibrosis has tended to concentrate on the role of 
increased synthesis of extracellular matrix proteins and the 
predominant theory has been that collagen deposition 
represents an irreversible process. It is clear, however, that 
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in normal tissues collagens and other extracellular proteins 
are ina state of dynamic equilibrium in which slow synthesis 
of matrix is balanced by its slow removal'!. Much of the 
proteolytic degradation of extracellular matrix is mediated 
by the MMPs'*!*, along with the plasmin-dependent 
pathway’. The extracellular activities of MMPs are 
regulated at several levels including the control of gene 
transcription (itself under the regulation of cytokines and 
growth factors), regulation of proenzyme activation and the 
inhibition of proteolytic activity by the specific inhibitors 
TIMP-1 and TIMP-2'*?. TIMP-1 and TIMP-2 both 
forma 1 : | stoichiometric complex with activated MMPs, 
but the exact nature by which they inhibit MMP activity has 
not been fully elucidated'?. 

The data presented suggest that alterations in the ratio 
between TIMPs and MMPs in the transplant kidney may be 
an important molecular mechanism leading to the develop- 
ment of tubulo-interstitial fibrosis. The implication is that 
failure of the degradation of extracellular matrix, rather 
than simply an increase in matrix synthesis, tilts the balance 
towards fibrosis. As these findings were demonstrated in 
protocol biopsies taken 6 months after transplantation, it is 
probable that persistent changes in the expression of 
fibrosis-associated genes such as TIMP-1 and TIMP-2 
may be a key feature of this response. TIMP-1 and TIMP-2 
gene expression has been demonstrated in both normal and 
sclerotic intact human glomeruli, but the level of expression 
was increased threefold or fourfold in glomerulosclero- 
sis'°*!°. Upregulation of the expression of renal TIMP- I has 
also been demonstrated previously in a number of 
experimental models of interstitial fibrosis, including 
protein-overload proteinuria’, puromycin aminonucleo- 
side-induced nephrosis'*, hypercholesterolaemia-induced 
renal disease'” and obstructive uropathy””. Further studies 
are required to measure the functional enzymatic activity of 
MMPs during the development of renal interstitial fibrosis 
in experimental models and in humans. 

The use of RT-PCR allowed the measurement of gene 
expression in isolated glomeruli; this technique is the best 
available method for studying the rate of synthesis of 
particular proteins. Interpretation of the findings of RT- 
PCR data usually requires an assumption that any changes 
in the expression of transcripts are taken through to the 
protein level. In the present study a clearer picture was 
provided by the parallel measurement of the abundance of 
collagen HI using quantitative immunohistochemistry by 
computerized histomorphometry. Previous work from this 
laboratory has demonstrated that the level of tubulo- 
interstitial fibrosis measured in this way correlated with 
long-term renal function. Renal transplants with less than 
40 per cent collagen II deposition at 6 months after 
transplantation were found to have stable glomerular 
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filtration rates over the first 2 years post-transplant, but 
those with more than 40 per cent collagen J] demonstrated 
a progressive decline in renal function’. This method would 
appear therefore to be a simple and useful surrogate 
ad interrm marker of chronic allograft damage. 

Intragraft gene expression of the profibrotic cytokine 
TGE-B was found to correlate with interstitial collagen IM 
protein deposition, confirming the findings of a preliminary 
analysis carried out using a smaller number of renal allograft 
recipients’. TGF-f exerts a profibrotic influence by both 
the stimulation of extracellular matrix deposition and 
inhibition of matrix breakdown by a direct downregulation 
of MMP activity. The finding of a positive correlation 
between the expression of mRNA for TGF-B and TIMPs 
also suggests that TGF-B has a fibrogenic action by 
indirectly inhibiting matrix degradation via upregulation 
of the TIMPs. It is accepted, however, that these data 
describe an association between TGF-B and TIMP expres- 
sion, and this may not be a causal relationship. 

This study suggests that failure of extracellular matrix 
degradation is an important molecular mechanism in the 
pathogenesis of chronic renal allograft nephropathy. The 
TIMPs offer a potential target for the prevention and/or 
treatment of progressive chronic renal allograft damage. 
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Role of the neutrophil in the development of systemic 
inflammatory response syndrome and sepsis following 
abdominal aortic surgery (Br 7 Surg 2001; 88: 1583-9) 


Letter 1 


Şir 
Although this study was well conducted, and the authors 
should be congratulated on their low in-hospital mortality rate 
of 2 per cent, I found their interpretation of the data confusing. 
The finding that a subpopulation of patients, shown statisti- 
cally to be higher preoperative expressors of neutrophil CD16, 
then developed septic postoperative complications may suggest 
simply that they entered the operation with a septic focus. It is 
accepted that a recent active septic process increases the risks of 
postoperative sepsis and impairs phagocytic function. What 
evidence is there to ensure that the patients did not have 
clinically occult or recent sepsis on trial entry? Were leucocyte 
counts and inflammatory markers measured? Alternatively, are 
the authors suggesting that this subpopulation of patients has a 
genetic susceptibility to sepsis and, if so, where are the 
population data to support this and explain their atypically 
high expression of CD16? The dramatic, yet apparently 
statistically non-significant, difference in the operative blood 
loss between groups (median 800 versus 1500 ml) warrants 
explanation. Finally, the statistical test employed (Mann- 
Whitney U test) would appear fraught with potential error in 
view of the large number of repeated measures carried out. 
D. W. Harkin 
A. Lewis 
Department of Surgery 
Royal Victoria Hospital 
Belfast BT12 6B7 
UK 


Letter 2 


Sir 

The role of the neutrophil in the development of sepsis or 
systemic inflammatory response syndrome (SIRS) following 
surgery is dependent on its level of activation. Markers such as 
B; integrin, CD11b and intracellular oxidative burst may be 
more appropriate investigative tools than the expression of a 
low-affinity receptor of immunoglobulin G, CD16. 
Furthermore, SIRS may not be associated with invading 
micro-organisms but rather endotoxaemia, and, as a result, 
different cell surface receptors may be critical in its pathogen- 
esis. We note that phagocytosis and ingestion of Escherichia colt 
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were similar for both groups prior to surgery and that the latter 


was reduced in the SIRS/sepsis group following surgery. In 


addition, CD16 expression was lower for the uncomplicated 

group and was unaffectec by surgery. This would suggest that 

the capacity of the neutredhil for phagocytosis and ingestion of 

E. colt is independent of CD16 expression. On the other hand, 

neutrophil CD16 expression is a correlate of neutrophil 

apoptosis: reduced CD16 expression correlates with increased 

apoptosis. The authors, although recognizing a decrease in 

CD16 expression followimg stimulation with N-formyl- 

methionyl-leucyl-phenylalanine and phorbol 12-myristate 

13-acetate in the sepsis/SIRS group following surgery, failed 

to recognize that this may be indicative of neutrophil apoptosis, 
a possible mechanism. Although CD16 may identify 

subgroup of patients at risk of postoperative SIRS or sepsis, 

the mechanism involved still remains elusive. 

A. W. O'Sullivan 

J. H. Wang 

H. P. Redmond 

Department of Academic Surgery 

Cork University Hospital 

Cork 


Ireland 


Author’s reply 


Sir 
The indammatory side of systemic inflammatory response 
syndrome (SIRS) has been extensively investigated by many 
authors including ourselves. We were interested in looking at 
factors predisposing to infection. CD16 presented that 
opportunity as it is the receptor for both opsonized bacteria 
and endotoxin. We recognize the role of CD16 in apoptosis, 
but have insufficient evidence to suggest this as a mechanism. I 
am investigating this, but iz currently does not appear to be the 
explanation; hence I agree that the mechanism is still elusive. 
There was no evidence to suggest that these elective patients 
had a preoperative focus of infection or sepsis. Although the 
data for white cell count, C-reactive peptide and markers of 
neutrophil activation (CD11b, CD18 expression) were not 
included in the paper, these were not raised before operation. 
J. 1. Spark 
Department of Vascular Surgery 
St James's University Hospital 
Beckett Street 
Leeds LS9 TTF 
UK 


Cytoreduction including total gastrectomy for 
pseudomyxoma peritonei (Br 7 Surg 2002; 89: 208-12) 


Sir 

Although supporting the idea of maximal cytoreductive 
surgery plus heated intreoperative chemotherapy for the 
treatment of pseudomyxoma peritonei, the concept presented 
in this article cannot be supported without some critical 
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questions. As total gastrectomy, and in particular oesophago- 
jejunostomy are procedures with a very low morbidity rate, 
there is hardly any reason to perform a high-diverting 
jejunostomy in order to decompress the small bowel. Even in 
cases of small bowel paralysis a rupture of the oesophagojeju- 
nostomy is rarely seen and, if so, is usually due to poor surgical 
technigue or impaired blood supply. In our own experience 
with total gastrectomy for pseudomyxoma peritonei no 
insufficiencies of the proximal anastomosis or prolonged 
small bowel paralysis was observed. From the date with missing 
values of the median survival, as well as the quality of life of the 
patients, the conclusions of this article appear very preliminary. 
In oncological surgery, one aim 1s certainly an improved long- 
term prognosis, but also to maintain a good quality of life. This 
is definitely not accomplished by a high-diverting jesunostomy 
and total parenteral feeding. For these reasons, it remains 
questionable how far we should go m the treatment of 
pseudomyxoma peritone:. The aim should not be to keep the 

patients only alive, but in life. 
J. Jahne 
Klinik für Allgemern-, Visceral- und Gefaftchtrurgie 

Hı 


Author’s reply 


Sir 

Over past decades, patients with this condition received 
extensive surgical intervention, but there were no long-term 
survivors. With cytoreductive surgery plus intraperitoneal 
chemotherapy, the majority of patients show a prolonged 
disease-free survival of over 10 years. The requirement for the 
high diverting jejunostomy is controversial. In the evolution of 
this treatment strategy, I attempted to use duodenostomy 
tubes’. Four of the eight patients decompressed using a 
duodenostomy tube suffered a life-endangering complication. 
As a result I decided that more reliable gastrointestinal 
decompression was necessary. 

Prolonged gastrointestinal ileus with retention of bile 
and pancreatic secretions within the intestine are always 
seen in these patients; nearly all had a total parietal 
peritonectomy. In my experience small bowel motility 
does not return for several weeks. 

As we mentioned in the article, 37 of the 45 patients 
are currently disease-free with a median follow-up of 
26 months, in a condition that is slow to progress. Ten- 
year follow-up is necessary in order to assess the survival 
benefit of treatment. This report attempted to emphasize 
our positive opinion regarding the safety of this approach in 
a difficult group of patients. 
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In the USA, home infusion companies exist that can 
provide home parenteral feeding even in the most rural 
parts of the country. Parenteral feeding is routinely used to 
move patients from hospital to home, thereby decreasing 
the length of hospital stay. Although this might cause 
considerable hardship for the patient as well as for the 
healthcare system in Germany, it is as simple as a phone call 
prior to discharge from the Washington Hospital Center. 
Although there is a very major impact on the quality of life of 
these patients while under treatment, their long-term 
quality of life seems to be relatively unchanged from normal! 
and markedly improved over the preoperative status of 
jelly belly’. 

P. H. Sugarbaker 

Surgical Oncology 
Washington Cancer Institute 
110 Irving Street NW 
Washington 

DC 20010-2975 

USA 


1 Zananni D, Sugarbaker PH. Gastrointestinal decompression 
after total gastrectomy using a side duodenostomy. Reg Cancer 
Treat 1996; 9: 49-53. 


Liver fibrosis increases the risk of intrahepatic 
recurrence after hepatectomy for hepatocellular 
carcinoma (Br 7 Surg 2002; 89: 57-62) 


Sir l 
Patients with fibrosis—cirrhosis in this study had almost a nine- 
fold increased risk of recurrent hepatocellular carcinoma 
(HCC) compared to patients with no fibrosis. We believe, 
however, that prognosis after resection of HCC should be 
analysed in the context of all histopathological factors, 
including microscopic vascular invasion'’*. We recently 
performed a detailed pathological analysis of both tumour 
and underlying liver factors in 557 patients who underwent 
complete resection for HCC?. The independent predictors of 
death were microscopic vascular invasion, major vascular 
invasion, fibrosis—cirrhosis in the adjacent liver, multiple 
tumours and tumour size. Based on these findings a simplified 
T classification scheme was proposed that will be the basis for 
the forthcoming American Joint Committee on Cancer staging 
system for HCC: single tumours without vascular invasion are 
classified as T1; single tumours with vascular invasion or 
muluple tumours, none greater then 5 cm, as 12; multiple 
tumours, any greater than 5 cm, or tumours with major 
vascular invasion as T3. To account for the effect of fibrosis- 
cirrhosis on survival the classification allows for separate rating 
of T categories as either FO (none to mild fibrosis) or F1 
(moderate to severe fibrosis—cirrhosis). This modification will 
further refine the prognostic ability of HCC staging (Fig. 1). 
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Author’s reply 
Sir 
We thank Drs Esnaola, Vauthey and Lauwers for their 
comments. We also analysed various tumour-related factors 
0 5 10 . : : C OE E E E Eek 
including microscopic vascular invasion (described as vascular 
Follow-up (years) involvement). Consistent with their study’, vascular invasion 
No. showed prognostic significance by univariate, but not multi- 
at risk ; variate, analysis. This may be because of the limited number of 
TIFO 90 74 42 21 3 patients in our series or a much higher significance of hepatitis- 
TIFI 103 78 38 19 5 related factors, including fibrosis. The main point of interest in 
TOFO 96 61 31 17 i our study was the significant contribution of the occurrence of 
T2F1 99 64 D4 9 : new tumours to ali intrahepatic recurrence of hepatocellular 
ts. o M m $ r carcinoma (HCC) by multicentric carcinogenesis from the 
e he : : > g underlying chronic liver disease. The study suggested that liver 


fibrosis represented the potential for multicentric hepatocar- 
cinogenesis in the liver remnant. The degree of fibrosis should 
indeed be included in staging for HCC. Liver fibrosis is not 
only a significant risk factor for patient death, but also an 
independent predictor of intrahepatic recurrence after resec- 


Fig. 1 Comparison of outcome according to stage in 557 
patients who had resection of hepatocellular carcinoma. 
Outcome was stage-dependent (P < 0-001). T, tumour; F, 
fibrosis classification. Figure reproduced with permission’. 


tion of HCC. 

S. Ko 
First Department of Surgery 
N, Esnaola Nara Medical University 
J-N. Vauthey 840 Shijo-cho 
C. ere Kashihara 
Department of Surgical Oncology Nara 634-8522 
University of Texas Japan 
Houston 1 Vauthey JN, Lauwers GY, Esnaola N, Do KA, BelghitiJ, Mirza 
Texas 77030 N etal. Simplified staging for hepatocellular carcinoma. 7 Chin 

USA Oncol 2002; 20: 1527-36. 
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Review for Surgery: Scientific Principles and 
Practice. 3rd Ed. 


L. J. Greenfield, K. D. Lilemoe, M. W. Mulholland, K. 
T. Oldham and G. B. Zelenock (eds) 


This is a companion volume to a main textbook, Surgery: 
Scientsfic Principles and Practice; a CD-ROM edition is 
available. It is a well written volume, divided into two 
sections: scientific principles (pages 1-164) and surgical 
practice (pages 165-521). The chapters are made up of a 
series of multiple choice questions (MCQs), each with four 
or five answers. The reader is asked to select the answers 
that are true. Each question is followed by a detailed 
explanatory comment (the correct answers are indicated) 
and the relevant reference to the main textbook is given. 
The MCQs are different in style to those found ın part 1 
of the UK Membership of the Royal College of Surgeons 
(MRCS) examination and there are no extended matching 
questions. An MRCS candidate would probably prefer 
one of the other MCQ books that are available. The 
17 chapters on scientific principles are excellent and may 
be useful for those preparing for the viva of the MRCS 
part 2. However, the European reader will have to adapt 
to the American drug names and units. The surgical 
practice questions assume detailed knowledge such as that 
expected from a senior trainee or consultant surgeon and 
might be useful for those preparing for the advanced 
examinations. 
J. M. Wellwood 
Whipps Cross Unrverstty Hospital 
Whipps Crass Road 


Leytonstone 
London E11 INR 
UK 
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Chassin’s Operative Strategy in General Surgery. 
3rd Ed. 

C. E. H. Scott-Conner (ed.) 

285 x 220 mm Pp 961. IBustrated. 2002. Hesdelberg: Springer. £125 50 


This third edition is published 8 years after the second. 
Much is the same but there are eight new chapters 
describing procedures that have appeared in the meantime. 
There are also new authors of the ‘concepts’ chapters, all of 
whom are from America. This strengthens the impression 
that the book is meant primarily for the domestic reader- 
ship. It is good that operations that nowadays are 
uncommon are still included, as conceptually and strategi- 
cally they often form the basis of the tactics of laparoscopic 
procedures. The drawings and text in chapter 2 on the 
importance ofa surgeon’s foot position seem superfluous to 
me. Similarly, the appendix showing photographs of 
instruments used during open and laparoscopic surgery 
might as well be omitted. The teat is, for the most part, easy 
to read and the illustrations of the different operations are 
clear. Astrong point of the bookis thatit includes discussion 
on the conceptual basis of a strategy to help the surgeon 
avoid common pitfalls and the operative techniques in a 
logical order. This is, however, also true of other surgical 
atlases on the market. If I bought this one it would be 
because of the quality of the illustrations. 
L Ihse 
Department of Surgery a and Gastroenterology 
Hospital 
S-221 85 Lund 
Sweden 


British Journal of Surgery 2002, 89, 941 941 


Scientific 





The BZS is committed to the practice of surgery based on 
scientific evidence. Each month we will publish a list of 
randomized trials and meta-analyses collated from 
English-language publications. A collection of all these 
papers will be available in the Scientific Surgery archive 
which will be held on the B7S website together with links 


Moller AM, Villebro N, Pedersen T, Tonnesen H. Effect of preoperative 

smoking intervention on postoperative complications: a randomized 
clinical trial. Lancet 2002; 359: 114-17. 
Formal counselling 6-8weeks before surgery reduced the overall 
complication rate from 52 to 18 per cent (P= 0-0003) in this trial which 
included 120 patients. The biggest reduction was in wound-related 
complications (31 versus 5 per cent, P=0-001). 

O'Boyle CJ, Watson DI, Jamieson GG, Myers JC, Game PA, 
Devitt PG. Division of short gastric vessels at laparoscopic 
Nissen fundoplication. A prospective double-blind randomized 
trial with $-year follow-up. dan Surg 2002; 235: 165-70. 

Some 102 patients were evaluated Syears after surgery. There was no 
significant difference in reflux symptoms or dysphagia scores, but patients 
who had short gastric vessel division had an increased incidence of bloating. 


Vrijland WW, Tseng LNL, Eijkman HIM, Hop WC), Jakimowicz JJ, 
Leguit P et al. Fewer intraperitoneal adhesions with use of 
hyaluronic acid~carboxymethyicellulose membrane. A 
randomized clinical trial. daa Surg 2002; 235: 193-9. 
Seventy-one patients who had a Hartmann’s procedure were randomized. 


At reoperation (42 patients), although the incidence of adhesions was 
similar, their severity was reduced by the membrane. 


Zhang H, Chen J, Kaiser GM, Mapudengo O, Zhang J, Exton MS 
et al. The value of partial splenic autotransplantation in patients 
with portal hypertension. A prospective randomized study. 
Arch Surg 2002; 137: 89-93. 

Twenty patients were included; ten had some splenic tissue reimplanted in 
the retroperitoneal space. There was evidence that this preserved immune 
function: serum tuftsin and immunoglobulin M levels were maintained. 

Renehan AG, Egger M, Saunders MP, O'Dwyer ST. Impact on 

survival of intensive follow up after curative resection for 
colorectal cancer: systematic review and meta-analysis of 
randomized trials. BMF 2002; 324: 813-16. 
Five trials which included 1342 participants were reviewed. intensive 
follow-up reduced all-cause mortality (combined risk ratio 0-81, 95 percent 
confidence interval 0-7 to 0-94). The effects were most pronounced in 
studies that used computed tomography and serial carcinoembryonic 
antigen assays, 

Bajetta E, Procopio G, Ferrari L, Marunetti A, Zilembo N, 
Catena L etal. A randomized, multicentre prospective trial 
assessing long-acting release octreotide pamoate plus 
tamoxifen as a first line therapy for advanced breast carcinoma. 
Cancer 2002; 94; 299-304, 

Some 199 patients with recurrent or metastatic breast cancer were 
included; all were oestrogen receptor negative and patients who had 
chemotherapy were excluded. The addition of octreotide did not affect 


outcome (response rate 20-2 per cent versus 21 per cent for tamoxifen 
alone) and the trial was stopped. 
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to free Medline sites where the full papers can be 
accessed (see below for details). If you have recently 
published a randomized trial that has not been featured 
in Scientific Surgery, the Editors would be pleased to 
receive a reprint and consider its inclusion. 


Weeks JC, Nelson H, Gelber S, Sargent D, Schroeder G for the 
Clinical Outcomes of Surgical Therapy (COST) Study Group. 
Short-term quality-of-life outcomes following laparoscopic- 
assisted colectomy versus open colectomy for colon cancer. A 
randomized trial, ZAMA 2002; 287: 321-8. 

A total of 429 patients participated in this study; analgesia requirement 
was reduced and there were short-term quality-of-life advantages for 
patients who had laparoscopic surgery. 

Chan FKL, To KF, Wu JCY, Yung MY, Leung WK, Kwok T etal. 
Eradication of Helicobacter pylori and risk of peptic ulcers in patients 
starting long-term treatment with non-steroidal anti- 
inflammatory drugs: a randomized trial. Lancet 2002; 359: 9-13. 
One hundred patients due to start non-steroidal anti-inflammatory drugs 
were tested for Helicobacter pylori those positive were randomized to 


eradication or control groups. At endoscopy 6 months iater, eradication 
therapy reduced the ulcer rate from 34 to 12 per cent {P = 0-0085). 


McCoil KEL, Murray LS, Gillen D, Walker A, Wirz A, 
Fletcher J etal. Randomized trial of endoscopy with testing for 
Helicobacter pylori compared with non-invasive H. pylori testing 
alone in the management of dyspepsia. BM7 2002; 324: 999- 
1002. 


Patients referred for investigation of dyspepsia were included. In 586 
patients reviewed after 12 months, dyspepsia scores were similar. Only 
8-2 per cent of patients randomized to breath testing alone required 
endoscopy and no significant pathology was missed in the control group. 


Mikuni N, Oya M, Komatsu J, Yamana T. A prospective randomized 
comparison between an open haemorrhoidectomy and a semiclosed 
(semiopen) haemorrhoidectomy. Surg Today 2002; 32: 40-7. 
Thirty-four patients were studied, Clinical results according to anorectal 


physiology studies after operation were similar but pain scores 1 week 
after surgery were higher after the semi-closed procedure. 


The B7S website can be found at www.bjs.co.uk. In 
addition to details of current and previous articles 
featured in Scientific Surgery, the website contains 
details of the Editorial Team and Board, instructions to 
prospective authors, links to other sites (such as The 
Cochrane Library) and forthcoming surgical events. 
The Editors welcome comments and suggestions about 
the website, either in writing or through the website 
address. 
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instructions to authors 


BFS publishes original articles, reviews and leading articles all of 
which are submitted to peer review. 


An article is reviewed for publication assuming that its contents have 
not been submitted stmultaneously to another journal, have not been 
accepted for publicanan elsewhere and have not already been 
published. Any attempt at dual publication will lead to automatic 
rejection and may prejudice acceptance of future submissions. 
Please submit with your manuscript copies of any other papers 
(published, ın press, or submitted for consideration elsewhere) that 
relate to the same subject. It 1s essential that you submit any other 
publications or submissions that use the same data set to allow 
assessment of any potential overlap. Indicate on the tide page 
whether the paper is based on a previous comumunication to a society 
or meenng Articles and ther illustrations become the property of the 
Journal unless rights are reserved before publication. 

Send four copies of original articles and other editonal matter tw. 
The Editor, BFS, Blackwell Science Ltd, 25 John Street, London 
WCIN 2BS, UK. Telephone: 0207 404 1831; facmmile. 0207 404 
1927. A version on disk must accompany all submitted material For 
instructions on how to do this, see below. Books for review should be 
sent to the same address 


A covering letter (or letters) must accompany all submissions, 
must be signed by all authors and must state whether an abstract 
of the work has been published - please provide an appropriate 
reference. Disclose in the covering letter any potential or actual 
personal, polincal or financial interest you may have in the material, 
information or techniques described in the paper. The Journal takes 
very seriously its obligation to assess and declare any actual or 
potential conflicts of interest The decision to publish or withhold 
such information will be made by the Editors. Acknowledge all 
sources of financial support. The first named author is responsible for 
ensuring that all authors have seen, approved and are fully conversant 
with its contents. The Journal accepts the critena for authorship 
proposed in the Brith Medical Journal (BMF 1994, 308: 39-42) 
and the COPE guidelines on good publicanon practice (www. 
publicatianethics org.uk). If a paper has more than sm authors you 
must justify the inclusion of all names. Results of multicentre studies 
should be reported under the name of the organizing study group. 
Methods of recognizing contributors have been proposed (Lancet 
1995; 345 668). The Editors are of the vew that those with a 
peripheral association with the work should simply be acknowledged 


(BFS 2000, 87: 1284-6). 

Disks 

IBM-compatible disks would be preferred (3% inch). An accurate hard 
copy must accompeny each disk, together with details of the type of 
computer used, software and disk system. Do not justify. 
Please send us digtel versions of your figures. Ideally these should 
be sent in native format or WMF if created in Windows. Files saved 
as PS, EPS, GIF and TIF may also be used, but please note that ıt may 
not be possible to modify them. Disks will not be returned to authors 

Proofs will be sent via e-mail as an Acrobat portable document format 
(PDF) file 


Rejected manuscripts and illustrations will not 
normally be returned. 
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Ethics 

Material releting to human investiganon and anımal expenments 
must comply with and be approved by local ethics committees. It 
must conform to standards currently applied in the country of origin. 
The Journal reserves the right not to publish an article on the 
grounds that appropriate ethical or experimental standards have not 
been reached. Whitten consent must be obtained from the patient, 
legal guardian or executor for publication of any details or 
photographs that ought idennfy an indridual Submut evidence of 
such consent with the manuscript 


Preparation of manuscripts 


BFS subscnbes to the policy of uniform requirements for manuscripts 
which facilitates resubmission of papers to journals without extensive 
recasting. Authors are advised to consult the New England Journal of 
Medrme (N Engl 7 Med 1997, 336 309-15), or obtain Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals’ 
from The Editor, Broth Medscal Forrnal, BMA House, Tavistock 
Square, London WCIH 9JR, UK (cost £2.95 per copy). 

Authors are responsible for the accuracy of their report including 
all statistical calculations and drug doses. When quoting specific 
materials, equipment and proprietary drugs you must state in 
parentheses the brief name and address of the manufacturer 
Generic names should normally be used. 


Origmal articles should normally be in the format of introduction, 
patents and methods, results and discussion Please provide a 200- 
word structured abstract Lengthy manuscripts will be returned for 
shortening. The discussion in particular should be clear and concise 
and limited to matters ansing directly from the results Avoid 


discursive speculanon Randomized clinical trials should be clearly 
identified as such in the title and abstract. 


Reviews and meta-analyses of randomized trials 


The Editonal Board of the 87S encourages submission of review articles 
or meta-analyses on topics of interest Any topic will be considered, but 
priority will be grven to those addressing a major current problem The 
author of each accepted article will recerve an honorarium Before sub- 
mimon of a meta-analysis of randomized trials, authors are encouraged 
to consult the QUORUM statement, designed to asist ın improving the 
quality of the submission (Lencet 1999, 354: 1896-900). Potential 
authors are advised to contact Mr J. A. Mune, University Department 


of Surgery, The Royal Infirmary, Edinburgh EH3 9YW, UK. 

The Editors commussion leading articles that are 600-900 words in 
length and address controversial topics of current interest. They should 
be supported by no more than ten key references Submisnons may be 
subjected to external review and assessment by the Editoral Board 


before acceptance. The Editors retain the right to alter style and shorten 
material for publicanon An honorarrom is payable on publication. 


Correspondence 
The Editors welcome topical correspondence from readers relating 
to articles published in the Journal Responses can be sent 
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944 Instructions to authors 


electronically via the BFS website (www.bjs.co.uk) or by post. All 
letters will be reviewed and, if approved, appear on the website. A 
selection of these will be edited and published in the Journal. Letters 
must be no more than 250 words in length. Letters submitted by post 
should be typed on A4-sized paper in double spacing and should be 
accompanied by a disk. 


Typescripts 


Manuscripts must be clearly reproduced with adequate space for 
editorial notes. Present the text on one side of sheets of A4 paper (2 10 
x 297 mm) with double spacing and 4-cm margins. Begin each 
section (abstract, introduction, patients and methods, results 
and discussion) on a new page. Manuscripts that do not conform 
to these requirements will be returned for recasting. 


Title page 


On the title page give: (1) the title of the article; (2) the name and 
initials of each author; (3) the department and institution to which the 
work should be attributed; (4) the name, postal and email 
addresses, telephone and facsimile numbers of the author 
responsible for correspondence and to whom requests for 
reprints should be addressed; (5) sources of financial support; 
and (6) the category in which the manuscript is being submitted 
(original article, review, etc). 


Abstract 


This must not exceed 200 words and should be presented in a 
structured format. Background: state why the study was done and its 
main aim. Method: describe patients, laboratory material and other 
methods used. Clearly identify the nature of the study, Le. 
randomized controlled trial, retrospective review, experimental study, 
ete. Results: state the main findings including important numerical 
values. Conclusion: state the main conclusions but controversial or 
unexpected observations may be highlighted. 


Tables and illustrations 


Submit four copies of all illustrations and tables. Type each table on a 
separate page with a brief title. Line drawings are acceptable as clear 
black on white graphics, computer print-out or photocopies. Submit 
radiographs, photomicrographs, ete unmounted in the form of glossy 
prints, original transparencies or negatives. Hlustrations in colour are 
encouraged and will be printed at no cost to the author. If you include 
photocopies, they should be of sufficient quality to enable the 
Journal’s referees to judge their content and value. Label each 
illustration on the reverse side giving its number (to correspond with 
its reference in the text) and the name(s) of the author(s); indicate the 


top of the illustration. Include a measure of magnification of 


photomicrographs. Include explanations of symbols and shading 
within the figure. Survival curves must be accompanied by a table 
giving the actual numbers of patients involved. Include in the legends 
to illustrations and the footnotes to tables brief but comprehensive 
explanations of all the information presented. Look at recent issues of 
the Journal for examples of accepted layout. Any table or illustration 
reproduced from a published work must give the original source in 
full. You must obtain permission from the original author and the 
publisher before submission. 
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Abbreviations 


Use abbreviations sparingfy. Terms that are mentioned frequently 
may be abbreviated but only if this does not impair comprehension, 
Abbreviations must be used consistently and must be defined on first 
use. 


Numbers and units 


Use the decimal point, not a comma, for example 5.7. Use a space and 
not a comma after thousands and muluples thereof, for example 
10 006. Use SI units (International System of Units) except for the 
measurement of blood pressure (mmHg). 


Statistics 


For detailed guidance on the handling of statistical material consult 
Br F Surg 1991, 78: 782-4. In evaluating a manuscript the Editors and 
statistical referees will consider the design of the study, the 
presentation and analysis of data and the interpretation of results. 


Design 


Set out clearly the objecteves of the study, identify the primary and 
secondary hypotheses, the chosen end-points and justify the sample 
size. Investigators embarking on randomized controlled studies may 
wish to consider the CONSORT statement (www.consort-statement, 
org). 


Presentation 


Whenever possible use graphical presentation to illustrate the main 
findings of a study. The use of standard deviation and standard error 
should be clearly distinguished and presented in parentheses after the 
mean values. 


Analysts 


Clearly describe methods used for each analysis. Methods not in 
common usage should be referenced. Report results of statistical tests 
by stating the value of the rest statistic, the number of degrees of 
freedom and the P value. Actual P values should be reported to three 
decimal places, especially when the result is not significant. The 
results of the primary analyses should be reported using confidence 
intervals instead of, or in addition to, P values. 


Interpretation 


Take great care in your interpretations. Do not place undue emphasis 
on secondary analyses. 


References 


Type the references with double spacing in the Vancouver style (see 
Preparation of manuscripts). Reference to abstracts and personal 
communications is discouraged. Reference to unpublished commu- 
nications will not be accepted. 

In the text, number references consecutively by superscript:' or 
References cited only in tables or figures should be numbered in 
sequence. 
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Two Journals In a Joint venture 


A short history of the partners. In 1919 a Swedish surgeon, Einar Key, transformed 
the Archives of Scandinavian Medicine, founded in 1869, into Acta Chirurgica 
Scandinavica, with the aim of forming a journal for Scandinavian surgeons. The 
journal accepted articles in English, French and German, according to the wishes of 
the author. In 1991, to reflect the increasingly international character of the 
publication, Acte Chirurgica Scandinavica changed its name to the European Journal of 
Surgery (EJS), with the aim of serving European surgeons and colleagues further 
afield. 

The British Journal of Surgery (BFS) was founded by Ernest William Hey Groves 
and Berkeley George Andrew Moynihan (Lord Moynihan) in 1913, the first issue 
appearing in July of that year. Financial support came from Hartland Wright, a 
Bristol publisher (the first publisher of B7S). A profit-sharing agreement between 
the Editorial Committee and the publisher ended in 1983 when the latter’s share 
was bought out; since then ownership of BFS has rested with The British Journal of 
Surgery Society Limited, a registered charity. B7S has had the good fortune to be a’ 
successful publication since its inception and is now recognized as one of the top 
international surgical journals. 

Just as clinical surgery is now. changing faster than ever before, with rapid 
evolution of biological knowledge and advancement of technology, so is scientific 
journal publishing changing ever more quickly. No longer is it sufficient to publish 
solely on paper. Electronic publishing is now essential, as is the ability to provide an 
interactive website. Within journal offices, manuscripts must be handled ever more 
efficiently in a competitive world. 

It was with this background that the owners of BFS and EFS met two years ago to 
discuss the possibility of combining the strengths of their individual journals in a 
single publication. Since then there has been a continued dialogue aimed at 
providing a strong and important forum for surgical knowledge and clinical 
development, not only for Britain and Europe, but also for the international 
community. The fusion of the publications is a natural development as the parent 
journals have common objectives, and their backgrounds and traditions are similar. 
The owners and editors look forward to this stimulating joint venture. The first 
issue of BFS incorporating EFS will appear in January 2003. 

J. A. Murie 

Editor-in-Chief, the British Journal of Surgery 

J. Svanvik 

Editor-in-Chief, the European Journal of Surgery 
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Leading article 


Adjuvant therapy for rectal cancer cannot be based on the 


results of other surgeons 


F. Seow-Choen 


Department of Colorectal Surgery, Singapore General Hospital, Outram Road, Singapore 169608 (e-mail: gesscf@sgh.com.sy) 


Worldwide, colorectal cancer is either the commonest or 
the second commonest cause of cancer death, and the 
overall 5-year survival rate is only about 40 per cent. In the 
light of this, perioperative adjuvant chemoradiotherapy has 
been widely advocated as necessary to increase disease-free 
survival and to decrease local recurrence. A meta-analysis of 
adjuvant chemotherapy has shown a 9 per cent increase in 
the survival rate for patients with rectal cancer, compared 
with surgery alone’. Similarly, adjuvant radiothera py (both 
preoperative and postoperative) has been shown to reduce 
the local recurrence rate by up to 50 per cent. 

However, localized disease that can be completely 
resected may not need chemotherapy because the aim of 
adjuvant chemotherapy is to destroy occult metastases and 
promote the chance of survival. The problem in this 
situation is the recognition of patients who harbour occult 
metastases despite an apparently curative resection. 
Although operative and pathological staging may point to 
surgery as being curative, there is still the chance of distant 
recurrence. Distant recurrence in a patient staged as not 
having distant disease at the time of operation is related 
mainly to the insensitivity of current staging methods in 
detecting occult metastatic lesions. In a nutshell, distant 
recurrence may be described as a failure of accurate staging. 
Hence potentially curable patients with features that point 
to a high risk of distant recurrence should be given 
chemotherapy’. 

Local recurrence is another matter altogether. Surgical 
technique directly influences the local recurrence rate in 
potentially curable patients, and local recurrence may 
therefore be regarded largely as a failure of technique. In 
this context it is interesting that technical training, even of 
established surgeons, improves technical expertise and leads 
to decreased rates of local recurrence’. It is also relevant 
that such technical expertise may not be obtained solely 
through the number of operations performed*”. In view of 
the lack of any accreditation or certification for many 
surgeons professing to be trained colorectal specialists, it is 
hardly surprising that local recurrence, even for potentially 
curative Dukes’ A-C lesions, varies widely, from 2-6 to 32-0 
per cent’. 

This wide variability between surgeons hints at inherent 
differences in the technical art of surgery”. The science of 
surgery may be learned and so effectively logged by 
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attendance at conferences, audit or even examination?’ !”. 


However, even if the craft of surgery is well demonstrated, 
not all observers will become as skilled as the ‘master 
craftsman’. This is where the big difference lies: surgical 
craftsmanship, like most art forms, may be honed under a 
‘master craftsman’, but only the talented apprentice will go 
on to produce consistently outstanding results. 

In the light of this, adjuvant radiotherapy cannot be 
withheld from any patient just because the surgeon practises 
total mesorectal excision (TME), which has been reported 
in association with a local recurrence rate of 2-6 per cent. A 
particular surgeon may be a poor craftsperson, who cannot 
recognize tissue planes and who may produce a very high 
local recurrence rate. Conversely, adjuvant radiotherapy 
cannot be imposed on a patient just because clinical trials 
have shown that local recurrence is reduced dramatically 
with radiotherapy. A gifted surgeon with a very low local 
recurrence rate may not reap the same benefit from 
radiotherapy after rectal surgery as his or her less skilled 
colleague after poor technical surgery. 

An obvious advantage of TME, with its associated very 
low local recurrence rate, is that its masterly usage may 
allow a surgeon to do away with routine perioperative 
radiotherapy and its attendant complications. In. this 
context It is interesting that two papers™!’ in this issue of 
BYS advocate the combination of TME with radiotherapy 
and describe low rates of recurrence. However, such a 
combination does not prove that the surgeon has performed 
a good technical job; these results may simply mean that 
recurrence rates have been kept low by the addition of 
radiotherapy after TME. To espouse the benefits of 
combining TME and radiotherapy’’!? as a routine would 
erase the benefit of an excellent operation performed by a 
master surgeon by needlessly exposing patients to the 
complications of radiation. On the other hand, surgeons 
with frequent local recurrence after TME will still see great 
benefit from radiotherapy. The time is ripe for colorectal 
surgeons to audit their individual results for comparable 
cases after TME with, and without, radiotherapy. 

A major recent meta-analysis of 22 randomized trials of 
adjuvant radiotherapy for rectal cancer considered 8507 
patients and concluded that radiotherapy had neither 
survival benefit (62 per cent) nor improvement in resect- 
ability rate (85 per cent) over surgery alone (63 and 86 per 
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cent respectively)’. Furthermore, the literature on the 
efficacy of chemoradiotherapy is conflicting'’; there is 
hardly any evidence that chemoradiotherapy is superior to 
radiotherapy alone for curable rectal cancer. Poor results 
are often blamed on patent selection or poor study 
design’’. 

The truth is that each surgeon must audit his or her own 
results, and medical and radiation oncologists must know 
these results before they can advise their patients appro- 
priately. Surgical patients, unlike purely medical patients, 
cannot be properly counselled for or against adjuvant 
therapy based solely on the results of ‘that particular trial 
which showed a significant result’. This is an important 
matter that is rarely considered; ıt is not discussed in the 
most recent papers advocating chemoradiotherapy for 
rectal cancer"? 

A surgeon with an unacceptably high rate of local 
recurrence in potentially curable patients may do one of 
three things. First, he or she may try to upgrade technical 
skill under the guidance of a ‘master’ surgeon. Second, such 
a surgeon may add routine chemoradiotherapy to decrease 
the local recurrence rate. Finally (perhaps the best and most 
difficult option) the surgeon may refer patients to a 
colleague with better results. A more fundamental problem, 
of course, is recognition at the training stage of those who 
should, and those who should not, develop a career in 
technically demanding surgery. 
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Leading article 


Differences in clinical performance 


T. Marshall and M. A. Mohammed 


Department of Public Health and Epidemiology, University of Birmingham, Birmingham B15 2TT, UK te-mail: M.A.Mohammed@Bham.ac.uk) 


Clinical governance, publication of league tables in national 
newspapers and, in the UK, the Bristol Inquiry have 
fundamentally changed performance management in 
healthcare. There is now pressure to publish individual 
surgeon's results. If these initiatives are to deliver better 
healthcare they must first overcome fundamental limita- 
tions in traditional approaches to analysing performance 
variation. If they do not, performance management itself 
will become an obstacle in the search for improvement. 
Table 1 shows the results of a study of surgeon-specific 
mortality rates after colorectal cancer surgery’. Ranking the 
mortality rates or the adjusted hazard ratios, with or without 
statistical tests, invites the interpretation that some 
surgeons are better than others. Furthermore, since a 
hazard ratio of | is defined as neutral, surgeons with a hazard 
ratio above | may be considered a hazard to their patients. 
‘The basic premise in this kind of analysis is that variation is 
classified as acceptable or unacceptable. It is a short step 
from this to the authors’ conclusions ‘Some surgeons 
perform less than optimal surgery; some are less competent 
technically than their colleagues...’. To improve surgical 
outcomes the next logical step is to act on the unacceptable 
surgeons. This is precisely what the study recommends. 
Less competent surgeons should stop operating; work 
should be concentrated in the hands of the more competent. 
The recommendations are entirely consistent with the 
interpretation, and the interpretation is consistent with 


Table 1 Mortality rates after colorectal cancer surgery 





Values in parentheses are percentages 
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traditional approaches to data analysis. Surprisingly, there is 
another way to look at these data. 

In the early part of the 20th century, a physicist called 
Walter A. Shewhart was charged with improving the quality 
of telephones in Bell Laboratories, USA. His work there 
won him the accolade ‘Father of modern quality control”*”’. 
Shewhart’s ideas can be easily illustrated. Six signatures are 
shown in Fig. 1. Consider the five ‘BJS’ signatures on the 
left. Two important observations can be made. First, 
despite being produced under the same conditions and by 
the same process, they show variation. Second, although 
they show variation, they are all recognizably the same 
signature. The variation is controlled: it lies within certain 
limits. If nothing is known about the underlying process, 
one would be justified in suggesting that the process appears 
to be stable. 

What would traditional approaches to data analysis tell us 
about these signatures? The five signatures could be 
compared to a standard, and some would fall below the 
standard. A league table could be created, ranking the 
signatures from best to worst. A statistical test might 
identify one signature as significantly different from the 
others. These approaches invite punishment of the writer of 
the worst signature and reward for the writer of the best 
signature. Yet from the point of view of the underlying 
process, the five signatures are identical. No signature is 
better or worse than the others. If the desire is to improve 
these signatures, a change is needed in the way all signatures 
are written, not just the ones that fail an arbitrary test. 

Now consider the sixth signature. It is clearly different 
from the others. A casual look suggests that this variation 
must have a special cause. If this kind of variation is to be 
addressed, the need is to identify this special cause and 
prevent it from interacting with an otherwise stable process. 
In this case, the sixth signature was produced under the 
same conditions as for the other five, but with the writer 
using his left hand. By finding this out a simple lesson is 
learned: one hand is better than the other at writing 
signatures. 


BS B ó BS BS BS Ze 


Fig. 1 Signatures 
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Shewhart’s theory of variation categorizes variation 
according to the action needed to reduce it. To reduce 
common cause variation one must act on the process. To 
reduce special cause variation one must find and act on the 
special cause(s). To help distinguish between these two 
kinds of variation Shewhart devised control charts (Fig. 2). 
These charts have three lines. The central line is the mean or 
median, and the upper and lower lines are termed control 
limits. Data points outside the control limits (or unusual 
date patterns) indicate a special cause. Control charts are a 
guide towards the- most appropriate action. Like any 
diagnostic tool, they are not infallible. Sometimes an 
outcome resulting from common cause vanation is 
mistakenly taken to indicate a special cause. Sometimes an 
outcome resulting from a special cause is mistakenly 
attributed to common cause variation. It is impossible to 
reduce the frequency of both errors to zero. In the light of 
this Shewhart chose to set the control limits at a level that 
minimized the economic consequences of both kinds of 
mistakes. To do this he set the control limits three sigma 
from the mean (or median). This choice was based on a 
combination of mathematical theory, empirical evidence 
and pragmatism. 

If the data ın Table 1 are observed with the aid ofa control 
chart (Fig. 2), profoundly different conclusions are reached 
to those of the original study. All but one of the surgeons’ 
results are consistent with common cause variation. The 
appropriate action to improve their surgical mortality rates 
is to change fundamentally the underlying process of 
colorectal cancer care. For example, screening for color- 
ectal cancer might be introduced or steps taken to reduce 
the proportion of cases presenting as an emergency. In 
contrast, surgeon H’s mortality rate is consistent with 
special cause variation. This should be investigated, the 
special causes identified and, if possible, eliminated. One 
should check the data systematically, the case-mix, the 
processes of care (from index referral to care before and after 
surgery), the surgery and, finally, the surgeon. In this way 
one will learn how to improve surgeon H’s results. So 
reviewing the data in Table 1 with the aid of Shewhart’s 
theory of variation directs us away from labelling surgeons 
as incompetent or otherwise; instead one is asked to 
consider what actions are required to deliver improvement. 
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Fig. 2 Control chart. The solid line represents the median value 
and dotted lines denote upper and lower control limits 


League tables, standards, and red and green traffic lights 
emphasize differences in performance. Intuitively one 
knows that sometimes these differences tell us nothing. 
Faced with so many influences on surgical outcome, control 
charts unlock the information contained in variation. By 


distinguishing between common and special cause variation 
they advise on when one is likely to learn from investigating 
differences and when one is not. They area guide to action, a 
vital link between performance monitoring and improve- 
ment. They clearly work with health service data*. They 
offer a way forward. 
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Review 


Botulinum neurotoxin and other treatments for fissure-in-ano 


and pelvic floor disorders 


G. Maria, G. Sganga, I. M. Civello and G. Brisinda 


Department of Surgery, Catholic School of Medicine, University Hospital ‘Agostino Gemelli’, Rome, Italy 
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(e-mail: gbrisin@tin.it) 


Background: The management of disorders of the lower gastrointestinal tract, such as chronic anal 
fissure and pelvic floor dysfunction, has undergone re-evaluation recently. To a large extent this is due 
to the advent of neurochemical treatments, such as botulinum neurotoxin injections and topical nitrate 
ointment. 

Methods and results: This review presents, inter alia, current data on the use of botulinum neurotoxin 
to treat lower gastrointestinal tract diseases, such as chronic anal fissure for which it promotes healing 
and symptom relief in up to 70 per cent of cases. This agent has also been used selectively to weaken the 
external anal sphincter and puborectalis muscle in constipation and in Parkinson’s disease. Symptomatic 
improvement can also be induced in anterior rectocele by botulinum neurotoxin injections. 

Conclusion: Botulinum neurotoxin appears to be a safe therapy for anal fissure. It is more efficacious 
than nitrate application and does not require patient compliance to complete treatment. While it may 
also be a promising approach for the treatment of chronic constipation due to pelvic floor dysfunction, 
further investigation of its efficacy and safety in this role is needed before general usage can be 


advocated. 
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introduction 


Since the discovery that botulinum neurotoxins inhibit 
neuromuscular transmission’, these powerful poisons have 
been used as drugs with many indications. They were first 
used to treat strabismus’, and local injections of botulinum 
neurotoxin are now considered a safe and efficacious 
treatment for both neurological and non-neurological 
conditions’. One of the most recent applications in this 
field is as a treatment for disorders of the gastrointestinal 
tract. Botulinum neurotoxin injections are not only potent 
in blocking skeletal neuromuscular transmission, but also 
block cholinergic nerve endings in the autonomic nervous 
system”. The capability to inhibit contraction of gut 
smooth muscle was first suggested by i vitro observations 
and later demonstrated in vive’; it has also been shown that 
botulinum neurotoxin does not block non-adrenergic non- 
cholinergic (NANC) responses mediated by nitric oxide. 
This has further promoted interest in using the neurotoxin 
as a treatment for overactive smooth muscles and sphinc- 
ters, such as the anal sphincter in the treatment of anal 
fissure, and the puborectalis muscle in the treatment of 
outlet-type constipation and anterior rectocele. 
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Anatomy and physiology of the pelvic floor 


The complex anatomy and physiology of the anal canal and 
rectum, responsible for maintaining continence, are sus- 
ceptible to disease*'”. There is an intrinsic relationship 
between the anal canal, the rectum and pelvic floor 
musculature. The main component of the pelvic floor is 
the levator ani muscle; puborectalis muscle represents the 
most medial portion of the levator ani muscle and is situated 
immediately cephalad to the deep component of the 
external anal sphincter (EAS) (Fig. 1). Puborectalis is a 
U-shaped strong loop of striated muscle that pulls the 
anorectal junction to the back of the pubis and forms the 
anorectal angle. 

‘The anal sphincter complex consists of two overlapping 
sphincters’ ''. The EAS is composed of striated skeletal 
muscle. The internal anal sphincter (IAS) is the involuntary, 
smooth muscle component of the sphincter complex. Being 
in a state of continuous maximal contraction, the LAS is a 
natural barrier to the involuntary loss of stool and gas, and is 
responsible for 50-85 per cent of resting anal tone. This 
relies on a combination of intrinsic myogenic and extrinsic 
autonomic neurogenic preperties''!*. Being of visceral 


© 2002 Blackwell Science Ltd 


G. Marta, G. Sganga, L ML Civello and G Bnstnda * Botulinum neurotoxin for anei fissure 961 





BK 


Me. 





Fig. 1 View of the levator anı muscle and the anal sphincters. EAS, external anal sphincter; IAS, internal anal sphincter 


origin, the IAS is supplied by both sympathetic and 
parasympathetic nerves; in addition, the enteric nervous 
system modulates its tonic activity. Recently, it has been 
shown that the longitudinal layer and the circular smooth 
muscle receive an intrinsic nitric oxide-inhibitory innerv- 
ation’*:*, and the carbon monoxide and haem oxygenase 
pathway may play a role in neurally mediated IAS 
relaxation’’. 

In vrtro studies on strips of human IAS have revealed 
excitatory a-adrenergic receptors, inhibitory B-adrenergic 
receptors, excitatory or biphasic cholinergic receptors, and 
inhibitory NANC receptors. Noradrenaline induces con- 
traction of isolated JAS strips, while adrenaline produces a 
variable response and isoprenaline induces relaxation'®’’, 
Blockade of a,-adrenoceptors by a single oral dose of 
indoramin causes a long-lasting reduction in resting 
pressure along the length of the anal canal’®. 

The mechanisms responsible for both faecal continence 
and defecation are complex and interrelated'*. To achieve 
defaecation, descending commands from the brain are 
transmitted to the sacral parasympathetic neurones that 
initiate a motor programme in the colon. The enteric 
nervous system in the colon is responsible for coordinating 
contractions of the smooth muscles and some striated pelvic 
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floor muscles. Motor neurones located in the anterior 
column of the sacral spinal cord innervate, via the pudendal 
nerve, the EAS and the pelvic floor musculature. Tonic 
discharges of these neurones cause contraction of the EAS 
and the pelvic floor musculature, which maintain con- 
tinence’”, Inhibition of such tonic discharge is necessary for 
defaecation. A faecal bolus in the rectum results in reflex 
relaxation of the IAS, the so-called rectoanal inhibitory 
reflex (RAIR). There is agreement on the local intramural 
nature of the reflex, and morphological data provide 
com anatomical evidence that nitric onde mediates 
RAIR!112,16,17,19° 


Botulinum neurotoxins 


The clostridial neurotoxin family is composed of tetanus 
neurotoxin and seven serotypes of botulinum neurotoxin, 
designated as serotypes A~G’°. Neurotoxin produced 
under anaerobic conditions by Clostridium botulinum exerts 
its paralytic effects at the neuromuscular junction by 
inhibiting the release of acetylcholine. The neurotorin is 
synthesized as a single-chain polypeptide of approximately 
150 kDa; in this form the molecule has relatively little 
potency as a neuromuscular blocking agent. Toxicity is a 
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result ofa multistep mechanism: the single-chain molecule 
is proteolysed to form a di-chain molecule, in which the two 
chains (H-chain, 100 kDa; L-chain, 50 kDa, associated 
with one atom of zinc) remain linked by a disulphide 
bond”? This protein has three functional domains, where 
the catalytic function is confined to the L-chain (which acts 
as a zine endopeptidase with proteolytic activity concen- 
trated at the N-terminal end), the translocation activity to 
the N-terminal half of the H-chain, and receptor binding to 
its C-terminal half !~**. It is in this form that the toxin 
enters the axon terminal. The second activating step, 
disulphide reduction, occurs only after internalization by 
the target cell”. 

Botulinum neurotoxin binds to the presynaptic nerve 
endings of cholinergic neurones and enters by receptor- 
mediated endocytosis. The zinc-dependent catalytic 
domain of the seven serotypes specifically cleaves one of 
several different proteins essential for synaptic vesicle 
fusion. This cleavage results in inhibition of acetylcholine 
secretion, ultimately leading to paralysis’! t, Acetyl- 
choline release is inhibited when the endopeptidase cleaves 
one or more neuronal proteins of the vesicle transport 
pathway”’ ~°. The translocation of an intact vesicle from 
the cytosol to the plasma membrane requires a suite of 
specific proteins. Cleavage of any of these proteins impedes 
neurotransmitter release” >", Intracellular substrate for 
both type B botulinum toxin and tetanus neurotoxin is the 
vesicle protein vesicle-associated membrane protein- 
synaptobrevin 2°'. Types D and F botulinum toxin also 
cleave vesicle-associated membrane protein—synaptobrevin 
2, but at a different site from B serotype’. Types A and 
E cleave another translocation protein, synaptosome- 
associated protein 25 kDa**, and the C serotype acts by 
cleaving syntaxin. 

After synaptic transmission has been blocked by botuli- 
num toxin, the muscles become clinically weak and 
atrophic. The affected nerve terminals do not degenerate, 
but the blockage of acetylcholine release is irreversible”. 
Function can be recovered by the sprouting of nerve 
terminals and the formation of new synaptic contacts’°*?; 
this usually takes 2-3 months. 

Clinically, botulinum toxin doses must be tailored 
according to the mode of use and the individual patient”. 
Generally, the effective dose depends on the mass of muscle 
being injected*’, but susceptibility to the toxin varies. Some 
patients who respond well initially develop tolerance to the 
agent’. As indicated by Borodic etal.’*, sensitization is a 
major cause of decreased or absent clinical response after 
repeated injections and this can be caused by the develop- 
ment of neutralizing antibodies to the toxin. 

Botulinum toxin injections are generally well tolerated. 
After injection, the toxin diffuses into the muscles and other 
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tissues. Its effect diminishes with increasing distance from 
the injection site, but spread to nearby muscles is possible, 
particularly when large volumes are injected. Distant effects 
may also occur, but generalized weakness, possibly due to 
botulinum toxin spreading in the blood, is rare’. 
Nevertheless, this drug should be used with caution in 
patients with disturbed neuromuscular transmission, such 
as in myasthenia gravis or during treatment with amino- 


1 e23:33 
glycosides*”*””. 


Chronic anal fissure 


A chronic anal fissure is a ‘cut’ or ‘crack’ in the anal canal or 
anal verge that may extend from the mucocutaneous 
junction to the dentate line®”’*. It shows great reluctance 
to heal without intervention. The majority of fissures occur 
in the posterior midline of the anal canal; multiple fissures 
or fissures occurring in the lateral position should raise 
suspicion of other diseases, including Crohn’s disease, 
ulcerative colitis, human immunodeficiency virus infection 
and syphilis*”’?. Classical symptoms are pain on or after 
defaecation that is often severe and may last from minutes to 
several hours. The patient may report that constipation is 
the antecedent event and, once pain has developed, fear of 
the act of defaecation may exacerbate the problem. 
However, a history of antecedent constipation is obtained 
in only one in four cases and diarrhoea is noted as a 
predisposing factor in about 6 per cent of patients* >. Fissure 
is associated with childbirth in 3-11 per cent of patients, 
when it commonly occurs in the anterior midline”? and is 
associated with reduced anal canal pressures”®. 

The fissure can be seen as the buttocks are parted. It is 
often suspected because there is marked spasm of the anus, 
making examination difficult. Digital or proctoscopic 
examination is often impossible because of pain. Spasm of 
the LAS has been noted in association with chronic fissure, 
and for many years treatment has focused on alleviating [AS 
hypertonia. 


Pathophysiology of chronic fissure 


The cause of chronic fissure and the reasons for its failure to 
heal remain unclear. Also unexplained are the main 
characteristics of this painful condition, including the 
predilection for the posterior midline position and the 
lack of granulation tissue at the fissure site. Several theories 
have been advanced to unravel the underlying cause of anal 
fissure. Most are conflicting and none gives a satisfactory 
explanation for the characteristic features of the disease. 
Recognized features common to most chronic fissures are a 
high resting anal pressure due to LAS hypertonicity, reduced 
vascular perfusion index at the site of the fissure, and the 
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presence of ‘ultra-slow’ pressure wave activity in the 
TAS'®!7. It is generally believed that small traumatic tears 
in the lining of the anal canal fail to heal as a result of a 
reduced blood supply and so produce anal fissure. 

It has been also found that the IAS of patients with anal 
fissure is fibrotic, compared with that of controls*’; it was 
postulated that myositis might occur early in the course of 
the disease and that this was the underlying cause of both 
spasm and fibrosis. Furthermore, ın patients healed by a 
conservative treatment, resting pressure tends to increase to 
pretreatment level while the patient remains symptom free. 
This probably means that sphincter hypertonicity does not 
necessarily cause pain. 

It has been postulated that the increased incidence of 
fissure in the anterior and posterior midline positions is 
related to the distribution of vessels supplying blood to the 
anal canal. Relief of symptoms and healing induced by 
treatment might be attributed to a decrease in anal pressure, 
allowing an increase in mucosal blood flow and relief of 
ischaemia. The inferior rectal arteries branching from the 
internal pudendal artery provide the blood supply of the 
distal anal canal. These vessels cross the ischiorectal fossa; 
their divisions pass through the anal sphincters to reach the 
mucosa. Post-mortem angiography of the inferior rectal 
artery has revealed a paucity of inferior rectal artery 
branches at the posterior commissure in 35 of 41 subjects’ 
A morphological study of the capillaries revealed a reduced 
density in the subanodermal space and within the IAS in the 
posterior midline in most specimens. The predilection of 
anal fissures for the posterior midline and the lack of 
granulation tissue seen in the base of a chronic fissure may 
therefore be explained by ischaemia’’. 

Decreased anodermal blood flow may be promoted by 
endothelial cell dysfunction associated with reduced nitric 
oxide synthesis, which is known to be involved in the 
regulation of local blood flow. Interruption of endothelial 
continuity not only removes the anticoagulant and vaso- 
dilatory functions of the endothelium, but also exposes the 
subendothelmum, which promotes several procoagulant 
functions. In addition, even in the absence of detectable 
microscopic changes, endothelial fanction can change from 
vasodilatory to vasoconstricting, and from anticoagulant to 
procoagulant; these changes may be induced by inflamma- 
tory or immune cytokines. Activation of the endothelium 
may cause the expression of antigens; endothelial cells can 
act as antigen-presenting cells. Antiendothelial cell anti- 
bodies have been found in many patients with anal fissure 
but not in healthy controls®. In antibody-positive patients, 
higher resting anal tone has been observed. The finding of 
circulating antiendothelial cell antibodies suggests that the 
lesion is primarily endothelial rather than at the level of the 
sphincter; a modification of RAIR was not observed in any 
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of the positive patients’. This supports a role for the 
endothelium in the pathogenesis of anal ischaemia. 
Circulating antibodies may activate the endothelium to 
produce vasoactive autacoids, which could contribute to the 
increased basal tone and aggravate the ischaemia at the level 
of the posterior anal commissure. The observation that the 
topical application of glyceryl trinitrate (GTN) may induce 
healing of anal fissure in up to 60 per cent of cases supports a 
pathogenic role for endothelial nitric oxide synthesis*’**. 

A primary IAS disturbance may be a contributory 
aetiological factor. IAS supersensitivity to Bz agonists has 
been observed in patients with chronic fissure’®**. This 
may be induced by a prolonged absence of the neuro- 
transmitter, by abnormalities at neurotransmitter or 
metabolic level, or by a modification of cholinergic and 
adrenergic receptors. The efficacy of botulinum toxin in 
inducing fissure healing and reduction of resting tone 
suggests that increased IAS adrenergic or cholinergic 
activity 1s likely to occur in patients with chronic 
fissure***2. 


Conservative therapies 


As the passage of a hard stool is thought to contribute to the 
development of anal fissure, the control of constipation has 
long been considered a mainstay of treatment. Patients with 
a history suggestive of fissure of recent onset are often 
treated successfully by stool softeners, bulking agents, a 
high-fibre diet and Sitzbath®**. To prevent recurrence, 
patients should be encouraged to continue with the 
conservative treatment, even after symptoms have 
resolved. 

Anal dilators have also been employed in the treatment of 
anal fissure for many years. However, the addition of a 
dilator confers no benefit over stool softeners or topical 
anaesthesia alone®”’*. It has been reported that more than 
half the patients can be initially cured using this technique, 
but half of those cured relapse”. 


Surgical treatment 

If symptoms fail to resolve or have been present for a long 
period of time, resolution without surgery becomes 
increasingly unlikely. Lateral internal sphincterotomy has 
been the most commonly used ical treatment for 
chronic fissure since the 1950s°°. It may be performed 
under local or general anaesthesia, through a radial or 
circumferential incision, or using a subcutaneous approach. 
All methods produce an adequate fall in anal pressure. The 
IAS may be divided from medial to lateral, or vice versa. 
Results of this operation have been reported from many 
centres. Surgery is associated with several complications, 
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most of which can be prevented by the use of a judicious 
technique and, of course, by familiarity with anorectal 
anatomy. Although sphincterotomy heals and relieves the 
symptoms of chronic fissure in nearly all patients (96 per 
cen t, the incidence of subsequent incontinence varies. 
The largest studies report impairment of continence in up 
to 30 per cent of patients and, although most episodes of 
incontinence are minor and transient, in a subset of patients 
incontinence is permanent”. 

Incision of the LAS throughout its whole length is 
inadvisable, but it is uncertain how much of the sphincter 
should be divided. A common practice is to divide it over the 
length of the fissure. It has been suggested that the length of 
the sphincterotomy does not affect the incidence of 
recurrence and the alterations of continence, but there is 


| een) 
disagreement on this point’ ~~ 


Treatment with nitric oxide donors 


Nitric oxide donors may promote the healing of anal fissure 
by increasing local blood How in two ways: by reducing 
intra-anal pressure and by having a vasodilatory effect on 
the anal vessels. The indications for the use of nitric oxide 
donors have been documented®'~*. Local application of 
nitro-derivates reduces anal pressures, improves anodermal 
blood flow * and significantly reduces pain within 5 min of 
application}. Between 19 and 58 per cent of patients 
experience transient headache when using topical GTN 
preparations and many have reported a burning sensation in 
the anus’!°°'"”°. Benefit from GTN is not always perma- 
nent’’, It has recently been reported that treatment with 
topical GTN is less efficacious than previously thought”. 
One study highlighted issues relating to poor patient 
compliance, and the authors considered that 62 per cent 
of their patients had side-effects that interfered with quality 
of life’. High doses of GTN are not more efficacious in 
inducing healing®’. An important issue is the development 
of drug tolerance, which is well documented when the same 
drugs are usec to treat cardiovascular diseases. Nitrates have 
a short duration of action and so frequent application is 
necessary’; side-effects, such as headaches and tachy- 
phylaxis, further limit their usefulness®’. Interestingly, 
there is no correlation between plasma GTN con- 
centration, resting anal pressure, and the onset, duration 
or intensity of headache”. Recent studies suggest 
that GTN is labour intensive for patients and that its 
results are not superior to those of lateral internal 
sphincterotomy ®t. 

Alternative nitrates, such as isosorbide dinitrate, have 
been investigated. This agent (1 g 1 per cent ointment 
applied every 3 h throughout the day) achieved healing in 
30 of 34 patients °. Similarly, healing was demonstrated in 
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34 of 41 patients following its topical use in a dose of 1-25 or 
2-5 mg applied three times daily’. 


Calcium channel antagonists 


Calcium channel antagonists, such as nifedipine, decrease 
anal sphincter tone if given sublingually or orally. In the first 
clinical study, 20 mg sublingual nifedipine caused (at 
30 min) a 32 and 24 per cent reduction in anal canal 
pressure, respectively, in patients with anal fissure and 
normal volunteers, without any significant effect on blood 
pressure or heart rate’®. An oral dose of 20 mg twice daily 
was used to treat 15 patients with chronic fissure”. The 
initial dose produced a 36 per cent fall in mean anal resting 
pressure, and healing was achieved by 8 weeks in nine of the 
15 patients. The principal side-effect was flushing of the 
face and limbs, which was usually short-lived. The 
effectiveness of nifedipine retard 40 mg daily was assessed 
over a 5-day period in healing anal fissure’’. Healing was 
complete in nine of 15 patients and symptomatic improve- 
ment was documented in a further three. 

The effectiveness of topical diltiazem in decreasing anal 
pressure has been demonstrated recently" "+, In a pilot 
study, fissures healed in 10 of 15 patients using a 2 per cent 
gel without any reported side-effects’. Preliminary results 
suggest that this therapy does not have the significant side- 
effects associated with the oral preparation®?**, and that 
topical diltiazem is more effective in achieving healing than 
topical nitrates and with fewer side-effects”. 


Muscarinic agonists and sympathetic 
neuromodulators 


Muscarinic agonists promote nitric oxide synthesis in 
NANC neurones. Bethanechol, used as a 0-1 per cent 
topical cream, decreased sphincter pressure and healed 
fissures without side-effects"'. Rates of healing may be 
similar to those with GTN and diltiazem. 

Sympathetic neuromodulators, such as oral indoramin 
(an œ; antagonist) and salbutamol (a Bz agonist), have been 
shown to reduce anal pressure by relaxing the LAS in healthy 
volunteers and in patients with fissure’*. The effectiveness 
of these drugs in the treatment of fissure has yet to be 
evaluated. 


Botulinum toxin treatment 


Botulinum toxin can be used to treat anal fissure (Table L), 
particularly when there ts a high risk of incontinence. With 
the patient lying on one side (usually the left side when the 
operator is right-handed), the lower rounded edge of the 
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Tabie 1 Published results of the treatment of chronic anal fissure with botulinum neurotoxin 
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*Plus topical nitrates. *Dysport°is trade name of the type A botulinum toxin preparation manufactured by Ipsen (Maidenhead, UK); Botox® is the 

trade name of the type A preparation manufactured by Allergan (High Wycombe, UK). There has been much confusion over the doses and units of 
potency of the two preparations; although doses are quoted in mouse units (the amount of toxin that kills 50 per cent of a group of 18~20-g female 
Swiss-Webster mice), implying some standardization, Botox” seems to be more potent. It is suspected that | unit Botox” is equivalent to 3-5 units 


IAS can be felt on digital examination about 1-1-5 cm from 
the dentate line, and is easily injected. 

In an open-label study, Gui et a/.*? observed that six of ten 
patients healed following a single infiltration of 15 units 
into the IAS. In a subsequent double-blind study, a success 
rate of 76 per cent was achieved following a single treatment 
with 20 units*®. A prospective comparison between two 
dose regimens (15 and 20 units) showed negligible side- 
effects and no complications; symptomatic improvement 
was achieved in both groups of patients, but the healing rate 
was higher in the group receiving 20 units*’. The present 
authors have also been able to demonstrate that fissure 
healing is induced more efficiently by botulinum toxin 
treatment than by GTN, and that IAS hypertonia is also 
alleviated more effectively. Compared with baseline 
values, 2 months after treatment, resting anal pressure was 
reduced by 28 per cent in the group of patients receiving 
toxin and by 14 per cent in those receiving GTN. Recently, 
it has been noted that topical isosorbide dinitrate potenti- 
ates the effect of botulinum toxin in patients with refractory 
chronic fissure”. 

The therapeutic efficacy of different botulinum toxin 
doses in chronic fissure has been reported recently’”’*; the 
rate of healing did not differ significantly when the total 
dose and the number of injection sites were varied. The 
healing rate was 83 per cent with 10 units, 78 per cent with 
15 units and 90 per cent with 21 units’. Between-group 
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comparison did not reveal significant differences. The 
injections were administered through the intersphincteric 
groove in the direction of the IAS; however, 1 month after 
treatment the mean squeeze pressure was reduced more 
than resting pressure, suggesting diffusion of the toxin to 
the EAS*°. Based on the theory that low anodermal 
perfusion at the base of the fissure contributes to the 
pathophysiology, additional infiltration of botulinum toxin 
has been performed at this point’”. 

In the authors’ experience, patients with a posterior 
fissure have better results, represented by a lowering of 
resting anal tone and early development of a healing scar, 
when botulinum toxin is injected anteriorly into the 
IAS*?!°*_ Anteriorly placed injections induce a higher 
fall in resting pressure and improve clinical outcome. 
Fibrosis of the IAS, which is more prominent at the site of 
the fissure than elsewhere in the smooth muscle, may reduce 
TAS compliance and limit the diffusion of toxin. Itis known 
that the myenteric plexus with myenteric ganglia is located 
between the circular and longitudinal smooth muscle layers 
along the entire extent of the IAS. A chronic reduction of 
perfusion in the posterior part of the anus may affect the 
myenteric nervous fibres at this location and make them less 
sensitive to the action of botulinum toxin. 

In a recent study, the influence of two different dosage 
regimens injected anteriorly in the IAS on the clinical 
outcome of patients with a posterior chronic fissure was 
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investigated’*. Fissure healing and symptomatic improve- 
ment were achieved in both groups of patients. Two months 
after injection, 75 patients (89 per cent) treated with 
20 units and 75 patients (96 per cent) treated with 
30 units had a healing scar; three patients in the latter 
group had a persistent fissure in the absence of symptoms. 
These results suggest that higher doses led to a higher 
success rate’*. Resting anal pressures were significantly 
lower than pretreatment values in both groups; although 
maximum voluntary pressure was unchanged in patients 
treated with 20 units, it was significantly lower than the 
pretreatment value in patients treated with 30 units, 
probably related to a diffusion of toxin to the EAS. Five of 
the 75 patients receiving 30 units reported mild incon- 
tinence of Hatus that lasted for 2 weeks after treatment and 
disappeared spontaneously. Diffusion of toxin in the tissues 
isa dose-dependent phenomenon; histochemical staining of 
acetylcholinesterase suggested that higher doses of botu- 
linum toxin produced a biological effect throughout the 
entire muscle, whereas smaller doses produced a gradient 
down the length of the muscle studied. 

It has been observed that botulinum toxin injections into 
the EAS are also effective for treating fissure* "+", The 
mechanism is probably mediated by diffusion to the IAS, as 
shown by the observation that maximum squeeze pressure 
and resting pressure are both reduced following this 
procedure. Since the fundamental pathogenic event in 
chronic fissure is LAS spasm, injection into the EAS cannot 
be the first choice of treatment. In addition, the [AS is 
readily identifiable and easier to inject than the EAS. In a 
series of 50 patients who received 10 or 20 units into the 
EAS adjacent to the fissure margins, 78 per cent had healed 
by 3 months”. There was no significant difference in 
healing rates between the two groups, but patients receiving 
the higher dose showed a greater reduction in sphincter 
tone in the puborectalis muscle, and a higher incidence of 
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transient incontinence and other complications”. 


Chronic constipation due to pelvic floor 
dysfunction 


Constipation is one of the commonest chronic complaints. 
Idiopathic constipation can be classified into two patho- 
physiological types: slow-transit constipation and pelvic 
floor dysfunction. Pelvic floor dysfunction is characterized 
by a failure of the puborectalis muscle to relax during efforts 
to defaecate, or by its paradoxical contraction. With an 
effort to evacuate the rectum, the puborectalis and the EAS 
normally relax to straighten the anorectal angle and open 
the anal canal. The diagnosis of pelvic floor dysfunction is 
suggested by the demonstration of a persistent impression 
of the puborectalis on the posterior surface of the anal canal 
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during attempted evacuation of barium paste and, more 
reliably, by electromyographic evidence of increased 
electrical activity in the puborectalis muscle during 
straining. 

The aetiology of pelvic floor dysfunction is unclear. 
Prolonged efforts to empty the rectum may aggravate the 
condition. It has been suggested that paradoxical pubo- 
rectalis contraction during straining represents a focal 
dystonia, characterized by excessive recruitment of syner- 
gistic and antagonistic muscle groups during voluntary 
activity and lack of reciprocal inhibition’’. Signs of 
anismus have been noted in normal subjects, in patients 
with anorectal pain, and in patients with faecal incon- 
tinence’!~”?, 

Botulinum toxin has been used selectively to weaken the 
EAS and puborectalis muscle in constipated patients. It has 
been observed that the toxin relaxes the puborectalis 
muscle’* and, as a consequence, the anorectal angle 
increases during straining and evacuation becomes possible. 
However, despite good results, the effect of botulinum toxin 
injections is fairly short-term. In one study, 6-15 units were 
injected under electromyographic guidance into the EAS or 
the puborectalis muscle”; while this brought about short- 
term improvement ofall four treated patients who had failed 
to respond to conventional biofeedback therapy, long-term 
success occurred in only two. In a more recent study, 
symptomatic improvement was noted in 13 of 15 patients 
following the injection of 25 units into the EAS”. 
Improvement was maintained for a mean of only 5 months 
and so reinjection was necessary. 

Of a group of 50 patients with outlet obstruction 
constipation, four with a puborectalis syndrome were 
studied using anorectal manometry, defaecography and 
electromyography. They were then treated with a total of 
30 units, injected at two sites on either side of the 
puborectalis muscle, under ultrasonographic guidance”. 
One patient was lost to follow-up; in the remaining three, 
the frequency of natural bowel movements increased from 0 
to 6 per week and only one patient needed laxatives. 
Anorectal manometry demonstrated decreased tone during 
straining from a mean(s.d.) of 96(12) to 42(13) mmHg at 
4 weeks (P = 0-003) and 63(22)mmHg at 8 weeks 
(P = 0-009). Defaecography performed 8 weeks after treat- 
ment showed improvement in the anorectal angle, which 
increased from a mean(s.d.) of 94(1 1) to 114(13)°; P = 0.01), 
and evacuation of barium paste. 

Outlet-type constipation may also occur in Parkinson’s 
disease. Following the observation of a dramatic improve- 
ment of outlet-type constipation in a patient treated with 
botulinum toxin injections into the puborectalis muscle”, a 
prospective study was undertaken to identify the prevalence 
of this condition ameng outpatients with Parkinson’s 
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disease. Of 120 patients who met the inclusion criteria for 
chronic constipation, 13 (11 per cent) had isolated or 
combined outlet-type constipation. Ten of these patients 
(one woman), of mean(s.d.) age 70(8) years, were enrolled in 
a prospective study”. They received botulinum toxin 
injections into the puborectalis, the total dose per session 
being 30 units (three patients), 60 units (one patient) or 
100 units (six patients). The results indicated a significant 
reduction of tone during straining, from a mean(s.d.) of 
95(42) mmHg at baseline to 38011) mmH gat 1 month, and 
38(9) mmHg at 2 months. There was also an improvement 
in the anorectal angle, which was increased from 98(8)° 
before treatment to 124(15)° (P < 0-05)”. 


Anterior rectocele 


Rectocele is a hernia of the anterior rectal wall into the 
lumen of the vagina. Itis a frequent finding in women and its 
clinical relevance is questionable; between 20 and 81 per 
cent of asymptomatic and constipated women may present 
with a rectocele!°?!"!, If less than 2 cm in diameter, 
rectocele is considered a normal finding in constipated 
patients. When the diameter increases beyond 2 cm, the 
rectocele may cause outlet obstruction and rectal emptying 
difficulties 1, 

It has been suggested that in some instances the rectocele 
is caused by failure of relaxation or paradoxical contraction 
of the puborectalis muscle during attempted evacuation, 
but the reason for its establishment is not clear. It is 
conceivable that straining aggravates the rectocele, enlarges 
it, and makes evacuation even more difficult. When there is 
a rectocele or a paradoxical sphincter reaction, defaecation 
must occur through the non-relaxed pelvic foor ®® 1%, 

Although simple to diagnose, rectocele has proven 
difficult to treat. A wide variety of surgical approaches has 
been proposed with the aim of ensuring rectal emptying by 
reducing the dimension of the rectocele. However, the 
results of surgery are often disappointing with regard to 
evacuation. Surgical repair, either vaginal, transperineal or 
transanal, does not always alleviate symptoms, and in some 
patients causes impaired faecal continence. Furthermore, 
transanal repair may compromise anal sphincter pressures 
and an alternative approach should be considered when the 
anal sphincter is lax. Some 30-72 per cent of patients still 
have difficulties with evacuation in the postoperative 
period. In one study 54 per cent of patients still complained 
of constipation, often severe, after this surgical procedure; 
17 per cent had persistent anorectal pain and 34 per cent had 
impaired faecal continence. Six months after successful 
transanal repair, a significant impairment of resting and 
squeezing anal pressures, probably due to stretch of the anal 
sphincters, was still detectable 100 An increased incidence of 
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rectovaginal fistula and vaginal narrowing has been 
reported when the transvaginal approach is used. 

Recently, 14 women were treated with a total of 30 units 
botulinum neurotoxin evenly divided into three sites, two 
on either side of the puborectalis muscle and the third 
anteriorly in the EAS’. At 2-month evaluation, a 
symptomatic improvement was found in nine patients. At 
defaecography, the rectocele depth was reduced from a 
mean(s.d.) of 4-3(0-6) to 1-8(0-5) cm (P < 0-001) and the 
rectocele area was reduced from 9-2(1-3) to 2-8(1-6) cm? 
(P < 0-001). The anorectal angle measured during straining 
increased from a mean(s.d.) of 98(15)° before treatment to 
121(19)° (P = 0.001). 


Chronic idiopathic anal pain 


Chronic idiopathic anal pain is part of a rather ill-defined 
group of disorders termed chronic idiopathic perineal 
pain, which also includes proctalgia fugax and coccygo- 
dynia! ®t, The main feature of these syndromes is that no 
objective abnormality can be found on clinical examination, 
and the distinction between the different groups of perineal 
pain is based solely on the patient’s description of the pain 
and the location of tenderness by palpation. Patients usually 
describe a pain located at the anus, often with radiation to 
the upper ana! canal or lowest part of the rectum. In the 
majority, pain is present constantly and is usually intense 
and sometimes burning, often with some irradiation. It is 
usually aggravated by sitting and relieved by lying down, 
while defaecation has no constant effect!" 10, The cause 
and pathogenesis of the syndrome are unknown, but ina few 
patients more advanced, instrumental investigation of the 
anal canal, such as intra-anal ultrasonography and magnetic 
resonance imaging, may reveal a treatable organic disorder, 
such as chronic intrasphincteric abscess or fistula. 

There is no satisfactory treatment for chronic anal pain, 
although anal stretch and lateral internal sphincterotomy 
are still used sometimes on the assumption that the pain 
might be caused by a hypertonic IAS. Recently, injections of 
botulinum texin (20 units placed intersphincterically in 
four quadrants and/or at the lower rim of the puborectalis 
muscle under ultrasonographic guidance) have been 
described to result in improvement in four patients with 
chronic anal pain; this improvement persisted during a 


> 3 . Fo { 7 
follow-up interval of 12-24 months'”’. 


Conclusion 


Botulinum toxin appears to be a safe treatment for anal 
fissure. It is less expensive and easier to perform than 
surgery and does not require anaesthesia. It is also more 
efficacious than nitrate therapy and its benefit is not related 
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to a patient’s willingness to complete ongoing treatment. 
For posterior chronic fissure, better results are achieved 
when botulinum toxin is injected anteriorly into the LAS. 
No adverse effects or permanent LAS damage have resulted 
from botulinum toxin injection. The authors believe that 
this treatment should be considered as first-line therapy for 
chronic anal fissure. 

Botulinum toxin also appears to be a promising approach 
for the treatment of chronic severe constipation due to 
pelvic floor dysfunction. No adverse systemic effect or 
permanent sphincteric damage has been reported to result 
from injection of the toxin, which seems to relieve the 
contraction of the puborectalis muscle and allow resump- 
tion of normal rectal voiding. The use of higher dosage and 
the availability of a more precise method of toxin injection 
by means of transrectal ultrasonography account for an 
improved long-term success rate. Nevertheless, further 
investigation of the efficacy and safety of botulinum toxin 
treatment in this context is indicated before its general 
usage can be advocated. 
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Liver fluke-associated cholangiocarcinoma 
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Background: Infection with liver flukes has been reported to be associated with bile duct malignancy. 
Methods: The review is based on a literature search (Medline) and, in some cases, direct contact with 
authors or principal investigators. 

Results: A large body of evidence indicates that Opisthorchis viverrini is a definite cause of human 
cholangiocarcinoma, whereas Clonorchis sinensis is a probable cause. The evidence regarding 
Opisthorchis felineus is insufficient to assess its role in carcinogenesis. Possible mechanisms of 
carcinogenesis include chronic irritation, nitric oxide formation, intrinsic nitrosation and activation of 
drug-metabolizing enzymes. Early detection of bile duct malignancy is difficult and not clinically 
available at present, although cholangiocarcinoma-associated soluble antigen has been reported in an 
experimental study to be a useful early marker of cancer development. Long-term survival after surgical 
treatment of liver fluke-associated cancer is similar to that reported in patients without liver fluke 
infestation. 


Conclusion: Liver fluke-associated cholangiocarcinoma is still a health problem in developing countries. 


Mechanisms of carcinogenesis should be explored further in order to reduce the impact of this disease. 


Paper accepted 20 March 2002 


Extent of the problem 


According to the 1994 report of the World Health 
Organization and the International Agency for Research 
on Cancer (ARC) meeting’ “crude estimation of the 
global number of liver fluke infestations is of the order of 17 
million, comprising 9 million with Opisthorchis viverrini, 7 
million with Clonerchis sinensis and 1-5 million with 
Opistborchis felineus. O. viverrini infestation is found 
predominantly in Thailand, Laos and Cambodia, whereas 
C. sinensis is endemic in southern China, Korea, Taiwan and 
Vietnam. O. felineus is endemic in western Siberia, 
Kazakhstan, Ukraine and parts of eastern Europe. Recent 
recovery of O. felineus from cyprinoid fish and cats in 
Germany indicates the persistent existence of the fluke in 
Europe’. 


Association between liver fluke and 
cholangiocarcinoma: clinical studies 


Evidence of association between O. viverrini and bile duct 
malignancy has emerged from several studies, including 
hospital-based case series, population-based ecological 
studies that correlated the incidence of cancer with 
prevalence of infestation in various geographical areas, 
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and a few case-control studies. The first large case series was 
reported from Siriraj Hospital, Mahidol University, in 
Bangkok’. The authors analysed 9694 autopsies performed 
between 1954 and 1965, and 1301 liver biopsies obtained 
between 1960 and 1962. An unusually high incidence of 
cholangiocarcinoma was observed in both the autopsy and 
biopsy materials taken from patients with O. viverrini 
infestation. The ratio between hepatocellular carcinoma 
and cholangiocarcinoma in autopsies without opisthorch- 
lasis was 8 : 1, whereas the ratio was reversed among those 
with liver fluke infestation. Similarly, the ratio of these two 
malignancies in biopsies was 5 : 1 in non-infected patients 
and | : 2 in the presence of the fluke. 

A nationwide survey of liver pathology in Thailand by 
Bunyaratvej and colleagues, who examined 3305 biopsy 
specimens collected between 1974 and 1978, also demon- 
strated a high incidence of cholangiocarcinoma in associa- 
tion with opisthorchiasis in the north-east of Thailand’, 
More than two-thirds of the patients were male, and the 
mean age at diagnosis of cholangiocarcinoma was 
48-8 years in males and 48-1 years in females. The results 
of this study were later confirmed by Srivatanakul et a/.°, 
who showed that the incidence of cholangiocarcinoma was 
almost twice that of hepatocellular carcinoma in endemic 
areas of O. viverrini in the north-east of the country, and the 
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incidence in males was 2-4 times that in females. Subsequent 
study found that the highest proportional incidence rate of 
cholangiocarcinoma was in the north-eastern region, where 
the prevalence of O. viverrini infestation was also highest’. 

In a population-based study in a fluke-endemic area, the 
age-standardized incidence rates for the year 1988 were 
89.2 per 100 000 in males and 35-5 per 100 000 in females — 
the highest rates of cholangiocarcinoma in the world. 
Moreover, the tumour burden appeared to correspond with 
the intensity of O. vrverrini infestation”. Studying in the 
same year and in the same region by using hospital-based 
data, Green et al.” estimated the age-standardized incidence 
rates of cholangiocarcinoma to be 135-4 and 40-0 per 
100 000 in males and females respectively. The truncated 
standardized incidence rates (in those aged 35-64 years 
only) were 334-2 per 100 000 in males and 104-3 per 
100 000 ın females. Parkın and colleagues!’ performed a 
case-control study of 103 patients in comparison with 
controls matched by age and sex. They found that O. 
vrverrim infection increased the risk of cholangiocarcinoma 
fivefold, and that males carried a higher risk than females. 
They estimated that two-thirds of cases of cholangiocarci- 
noma in Thailand were caused by O. viverrini infestation. 

In a longitudinal study of clinical, laboratory and 
hepatobiliary ultrasonography of 913 voluntary subjects 
infected with O. vrverrinz, treatment with the antihelminthic 
drug praziquantel significantly improved clinical symptoms 
and ultrasonographic changes’’. A study in Syrian ham- 
sters, however, showed that removal of the parasite load in 
itself might not be sufficient to block the development of 
cholangiocarcinoma, particularly if the fluke had already 
caused significant and permanent changes in the biliary 

12. There are no concrete data available to confirm 
the benefit of fluke eradication in terms of reducing cancer 
death. 

An association between C. smensis and cholangiocarci- 
noma was first made by Katsurada in Japan, just over a 
century ago”. Although interest in the relationship 
between the fluke and the cancer was initially stimulated 
by a series of reports by Hou in Hong Kong'*~"®, the disease 
is uncommon in Hong Kong today. By contrast, clonorch- 
iasis-associated cholangiocarcinoma is still a problem m 
Korea. In Pusan, an area with extremely high prevalence of 
C. smnensis, the fluke increased the risk of cholangiocarci- 
noma sixfold'’. More recently, a case-control study’? in the 
same area showed that identification of C. smensis in the 
stool was significantly associated with cholangiocarcinoma, 
with a relative risk of 2-7. Cases of cholangiocarcinoma 
associated with C. sinensis have also been reported among 
Asian immigrants to the USA!*”°. 

There are several case reports or case series of cholangio- 
carcinoma in patients with O. felmeus infestation*!”’, but 


©2002 Blackwell Science Lid 


fewer than a handful of systematic studies have been 
conducted to identify the actual relationship between the 


two conditions!. 


Association between liver fluke and 
cholangiocarcinoma: experimental studies 

An experimental model successfully demonstrating an 
association between liver fluke and cholangiocarcinoma 
was obtained using a combination of liver fluke infestation 
and continuous administration of a hepatocarcinogen in the 
drinking water or the basal diet of hamsters. Examples are 
dimethylnitrosamine (DMN) in the drinking water for 
10 weeks plus O. viverrini’*?°; DMN in drinking water for 
8 weeks plus C. smensis’®; 0-03 per cent N-2-fluorenyl- 
acetamide in the basal diet for 40 weeks plus C. stnensis’’, 
In hamsters receiving DMN (0-0025 per cent in drinking 
water) and 100 metacercariae of O. vrverrtm, more than 
50 per cent of the hepatic parenchyma was occupied 
by cholangiocellular lesions and all animals developed 
cholangiocarcinoma”*. Similar increases in cholangiocarci- 
noma, as well as preneoplastic hepatocellular lesions, were 
also found in hamsters receiving continuous administration 
of combined nitrite and ammopymne in drinking water and 
O. viverrini*®. The report of DMN formation in the 
stomach by nitrite and aminopyrine may explain such 
fading”, 

Based on a critical review of existing evidence from 
several clinical and experimental studies, the working group 
of IARC concluded that O. viverrmi is a definite cause of bile 
duct cancer in humans; O. vmerrini infestation is therefore 
classified as a carcinogen. The review reported that C. 
smensis is a probable cause; O. felineus has not yet been 
studied sufficiently to assess its carcinogenic role’. 


Pathological studies 


Infestation of liver flukes occurs when humans or other 
mammals ingest raw fish containing the infective cysts of the 
fluke (metacercariae) in the muscle and connective tissue. 
After being eaten by humans, the infective metacercariae 
excyst in the duodenum. The newly excysted flukes move 
into the bile duct through the ampulla of Vater and develop 
into adults in the intrahepatic bile ducts, and occasionally in 
the pancreatic duct or gallbladder, within 1 month. The life 
cycles of O. vrverrmi, C. sinensis and O. felineus are similar. 
The adult fluke lays eggs that enter the biliary system and 
are excreted in the faeces, to be ingested by snails of Brthynia 
species, the first intermediate hosts. The eggs hatch inside 
the snail and mature, eventually leaving the snail in the form 
of freely swimming cercariae that find and penetrate 
cyprinoid fish, the second intermediate hosts, where they 
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develop into metacercariae in the muscle and connective 
tissue. The lifespan of O. viverini and C. sinensis has been 
reported to be 25-30 years?” >>, 

Pathological consequences of O. viverrini infection 
appear to be similar in both animals and humans****, 
Early pathological changes consist of an acute inflammatory 
reaction involving the bile ducts of the second order and the 
portal connective tissue, particularly the large veins. Death 
of bile duct epithelial cells and hepatocytes, and evidence of 
cell regeneration, occur early after liver fluke infesta- 
tion’***. As the flukes develop into adults, they induce 
hyperplasia of the bile duct epithelium and adenoma 
formation. The adult flukes and ova also induce a 
granulomatous reaction. Resolution of such granulomas 
leads to periductal and portal scarring. Bile ductule 
proliferation associated with periportal fibrosis and linking 
up between portal areas by fibrous bands results in the 
appearance of multilobular cirrhosis in most hepatic 
lobules. The periportal and periductal fibrosis in hamsters 
with chronic infection of O. viverrini has been shown to 
correlate with a marked increase in the synthesis and hepatic 
content of type I and type III collagen*®. In the liver of 
patients with opisthorchiasis, the subcapsular bile ducts are 
usually dilated, with prominent fibrotic wallt”, 
Microscopically, pathological changes in the liver are 
confined to the biliary tree, particularly the large and 
medium-sized bile ducts where the flukes are usually 
found**. Moreover, obstruction of bile ducts due to large 
numbers of the flukes in the ductal lumen is frequently seen. 
This obstruction may lead to suppurative cholangitis with 
abscess formation, and cholangiohepatitis may subse- 
quently develop, particularly when rupture of abscess 
occurs”. 

In hamsters receiving both the carcinogen DMN (0-0025 
per cent in drinking water) and 100 metacercariae of O. 
viverrini, all animals developed mucin-producing cholangio- 
carcinomas, with or without cholangiofibrosis™*. When 
hamsters received a subcarcinogenic oral dose of N- 
nitrosodimethylamine (1-6 mg) and 50 metacercariae of 
O. viverrint, 20 per cent of the animals developed 
cholangiocarcinoma. All tumours were of intrahepatic 
type and were found most frequently in the right lobe’®. 
In humans, however, the tumour location has been reported 
to be of central type (60 per cent), peripheral type (20 per 
cent) and diffused type (20 per cent)”. Of the extrahepatic 
lesions, 60 per cent are located in the proximal ductal region 
and are of the scirrhous type, with an occasional papillary 
component. Nodular and papillary types are found in the 
middle and distal ductal region*®**!. The histopathology is 
almost always adenocarcinoma and occasionally the flukes 
are found in the tumour or in the adjacent liver parenchyma 
(Fig. 1), Direct invasion and local metastasis via lymphatics, 
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Fig. 1 Histological appearance of peripheral type of Opisthorchis 
viverrimi-associated cholangiocarcinoma. Arrows show the eggs 
of the fluke in the area adjacent to the tumour. (Courtesy of Dr 
K. Atisook, Department of Pathology, Faculty of Medicine, 
Siriray Hospital) 


blood vessels and perineural are common, especially in 
extrahepatic cancer****, Among 29 non-jaundiced patients 
with opisthorchiasis and intrahepatic or peripheral-type 
cholangiocarcinoma, 23 had tumours in the right lobe*!. 

Scanning electron microscopy of a cholangiocarcinoma 
cell line (HuCCA-1), originally established from an 
intrahepatic bile duct tumour of a patient seropositive for 
antibody to O. viverrini, showed the surface of the cells to be 
covered with microvilli of varying size and irregular 
distribution. Transmission electron microscopy clearly 
revealed the presence of cytokeratin filaments, an intra- 
cytoplasmic lumen, tight junctions at the apices and 
desmosomes at the lateral surfaces of neighbouring cells, 
all of which are characteristics of an adenocarcinoma cell. 
Cells from a tumour mass that developed in a nude mouse 
following subcutaneous injection of HuCCA-1 cells exhib- 
ited some morphological changes. Nearly one-third of the 
tumour cells, particularly those lining the base of the 
tumour tubules, formed small foci of cells in sheet-like 
arrangements and exhibited electron-dense tonofilament 
bundles typical of squamous cells**. These findings are 
consistent with evidence from a clinicopathological study of 
an intrahepatic cholangiocarcinoma with a squamous cell 
carcinoma component’. 

Seventy per cent of Clonorchis-associated cholangiocarci- 
nomas are adenocarcinomas and may be found at varying 
stages of differentiation'*. Anaplastic tumours of the bile 
duct epithelium have been reported occasionally, but they 
are uncommon. They may resemble primary liver cell 
carcinoma'*, Newly formed goblet cells are frequently 
found and mucin production may be abundant, but 
glycogen and bile pigment are characteristically absent. 
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Squamous metaplasia is found in 13 per cent of cases'*. The 
tumour usually develops in the second-order intrahepatic 
bile ducts near the hepatic hilum. Adenomatous prolifera- 
tion of ductal epithelium can often be seen side by side with 
malignant changes, and flukes are frequently found in bile 
ducts that are surrounded by tumour”. Intrahepatic or 
peripheral cholangiocarcinoma is common and is found 
much more often (as in O, viverrini-associated cancer) in the 
right lobe of the liver“. 


Molecular studies of carcinogenesis 


Molecular mechanisms of human cholangiocarcinogenesis 
secondary to liver fluke infestation are still to be investi- 
gated, particularly in patients with O. vfverrint infection. By 
using the polymerase chain reaction and direct sequencing 
of the product of c-Ki-ras gene, one study showed that five 
of nine Japanese patients with cholangiocarcinoma in 
normal liver (without associated opisthorchiasis) had a 
point mutation at codon 12, whereas none of 12 Thai 
patients with opisthorchiasis had such a mutation“. A more 
recent study confirmed the findings: the incidence of ras 
mutation differed markedly between the Japanese (seven of 
12 patients without opisthorchiasis) and Thai (two of 26 
with opisthorchiasis) patients. In contrast, the incidence of 
p53 mutation was similar: four of 12 and nine of 26 

ively. All but one of the ras mutations occurred at 
codon 12 or 13 of the c-Ki-ras gene. The exceptional case 
was found to have deletion—insertion ın the second exon of 
the N-ras gene. For p53 mutations, all but one were detected 
in a highly conserved region, and the predominant form of 
the mutations was G : C + A: T transition at CpG sites in 
both the Japanese and Thai patients*”. 

Results of such molecular studies on carcinogenesis in 
patients with liver flukes may pave a way for further 
investigations to crystallize the actual or causal relationship 
between the parasite and the tumour. However, the fact that 
the incidence of cholangiocarcinoma is low, in sharp 
contrast to the high prevalence of liver fluke infestation, 
even in fluke-endemic areas, highlights the importance of 
co-factors. Exploration of the molecular carcinogenesis of 
the tumour with several plausible aetiological factors will 
obviously be a lengthy and laborious task. 


Possible mechanisms of carcinogenesis 


The pathogenesis of liver fluke-associated cholangiocarci- 
noma may be a complex process, involving several 
mechanisms. From existing evidence, possible mechanisms 
may be suggested. 
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Hyperplasia of bile duct epithelium and carcinogen 
exposure 


Chronic irritation and chronic inflammation caused by the 
fluke results in hyperplasia and adenomatous changes of bile 
duct epithelium’. As previously shown in malignancy of 
the colon or pancreas, hyperplastic cells are vulnerable to 
carcinogen because the agent can easily induce DNA 
damage during active cell proliferation®”*'. If the DNA 
damage involves cell cycle control genes, neoplastic changes 
occur. It has been demonstrated that nitrates, nitrites and 
even N-nitroso compounds are commonly found in several 
fermented or preserved foods, and that these compounds 
can act as exogenous carcinogens’*~*. Moreover, patients 
with liver fluke infestation have increased rates of endo- 
genous nitrosation’ ®t”, 


Increased formation of endogenous carcinogen 


Endogenous nitrosation caused by liver fluke infestation has 
been studied ın both animals and humans. In hamsters with 
O. viverrini infestation, induction of nitric oxide synthase in 
macrophages, mast cells and eosinophils in inflamed areas 
surrounding the bile ducts has been reported, and the 
enzyme subsequently increases endogenous nitrosation of 
thiazolidine-4+carborylic acid (thioproline)’®. In a dietary 
control (low-nitrate diet) study comparing patients with 
opisthorchiasis and uninfected controls, those with liver 
fluke infestation had increased endogenous generation of 
nitric oxide and production of N-nitroso compounds, as 
indicated by increased levels of plasma and urinary nitrate, 
salivary nitrite and increased nitrosation of proline and 
thioproline. Such increases were abolished by co-adminis- 
tration of ascorbic acid with proline, and by elimination of 
the fluke by treatment with the antihelminthic drug 
praziquantel. Production of N-nitroso compounds occurs 
through a reaction between amines and nitrosating agents 
derived from the oxidation of nitric oxide outside the 
stomach**”’, It is likely that N-nitroso compounds are 
formed in the area of chronic inflammation around the bile 
ducts as the result of local generation of nitric onde by 
inflammatory cells. Therefore, the bile duct epithelial cells 
are exposed continuously to high concentrations of N- 
nitroso compounds, leading to neoplastic transformation. 
To prove this hypothesis, the concentration of N-nitroso 
compounds in the bile ducts should be assayed. However, 
measuring these compounds in bile is technically difficult at 
present, because they are labile and other components in 
bile can affect the assay. 
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Fig. 2 Possible mechanisms of carcinogenesis of liver fluke-associated cholangiocarcinoma. *Particularly CYP2A6 and CYP2E1. NO, 


nitric oxide 


Activation of drug-metabolizing enzymes 


In male hamsters infected by O. viverrini, activities of the 
hepatic cytochrome P450 (CYP) isoenzymes (particularly 
CYP2E1 and CYP2A6) have been shown to be higher than 
those of controls, and the highest levels of these two 
enzymes occur in hepatocytes immediately adjacent to the 
area of inflammation’®. Induction of CYP2A6 expression 
has been demonstrated in patients with opisthorchiasis, and 
a significant reduction of the enzyme activity was observed 
2 months after eradication of the flukes by praziquantel 
treatment”. N-nitrosodimethylamine (NDMA), one of the 
products of endogenous nitrosation formed in the tissue, is 
significantly metabolized by CYP2E1 and CYP2A6. The 
product of this metabolism is a DNA-methylating agent 
that can result in DNA damage, particularly in proliferating 
bile duct epithelial cells. However, the mechanism of 
increased activity of these two enzymes in patients with 
chronic liver fluke infestation is as yet uncertain. 


Increased nitric oxide production 


In areas of chronic inflammation caused by the liver fluke, 
macrophages and other cell types (e.g. mast cells, eosino- 
phils), activated by parasite-specific T cells and cytokines, 
synthesize nitric oxide from L-arginine via the induction of 
the enzyme nitric oxide synthase’ 


; '. Nitric oxide is not 
only cytotoxic, but also genotoxic at physiological concen- 
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trations’*°’, Chronic exposure of the proliferating bile duct 
epithelium to this genotoxic inflammatory product may 
create an environment favouring malignant change. 

It is probable that the above four mechanisms of 
carcinogenesis may act in concert during the development 
of liver fluke-associated cholangiocarcinoma. The possible 
process of carcinogenesis is outlined in Fig. 2. 


Early detection of cancer 


A soluble antigen for early detection of O. viverrini- 
associated cholangioearcinoma has been reported in 
hamsters. This antigen is a 200-kDa glycoprotein that 
appears to be immunologically distinct from other tumour 
markers. The level of the antigen in serum and bile was 
raised markedly in animals with progressive tumours, 
compared with controls. Serum taken serially from each 
animal that subsequently developed cholangiocarcinoma 
showed a gradual but significant increase in the level of 
antigen as carcinogenesis progressed. Identification of the 
antigen, and the establishment of a cell line from O. 
weverrimi-associated cholangiocarcinoma induced in a ham- 
ster model and a cholangiocarcinoma cell line from a patient 
with liver-fluke infestation, seem to provide an early 
opportunity for tumour detection®’””. However, identify- 
ing a tumour marker in serum or bile does not, on its own, 
solve the problem. The intrahepatic biliary system is a 
complex tubular structure. Although abdominal computed 
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tomography (CT) (particularly three-dimensional spiral 
CT cholangiography) or magnetic resonance imaging can 
detect cholangiocarcinoma with an accuracy of up to 90 per 
cent®’*® the demonstration of a small focus of early cancer 
change in the liver is difficult. Confirmation of neoplastic 
change from such small lesions is difficult, particularly when 
the tumour is beyond the second-order bile ducts. 


Treatment and outcome 


Surgical treatment 


Operative treatment is the best available therapy for 
cholangiocarcinoma. Not only may it cure a patient with 
early-stage disease (if the lesion can be located precisely), 
but ıt may also provide effective palliation for those with an 
irresectable tumour. Whenever possible, tumour resection 
should be performed unless there is clear evidence of 
advanced disease. A series of 29 non-jaundiced patients with 
opisthorchiasis and peripheral-type cholangiocarcinoma 
who underwent liver resecuon has been reported". 
‘Twenty-one patients had tumour only in the right lobe, 
seven had a tumour in the left lobe, and one had tumour 
involving both lobes. Operations included right hepatect- 
omy (19), extended right hepatectomy (four), left hepatect- 
omy (two), left lobectomy (two) and medial segmentectomy 
(two). Fourteen patients had died by the end of the first 
postoperative year, five by the end of the second year, and a 
further five by the end of the third year. Five patients 
survived until the end of the fifth year, resulting in an actual 
5-year survival rate of 17 per cent. 

In a series of 30 patients with hilar cholangiocarcinoma 
associated with O. verrini infestation, the criteria for 
diagnosis of opisthorchiasis were (1) a history of previous 
positive stool examination for Opisthorchis or its eggs, (2) 
identification of Opisthorchis or its eggs in the stool or bile, 
(3) demonstration ofa typical bead-like cholangiogram, and 
(4) histological evidence of the fluke in the specimen‘. 
Seven patients had their tumours removed, four with 
concomitant liver resection. The four patients who under- 
went hepatectomy were anicteric before operation. 
Twenty-two patients underwent palliative biliary bypass 
procedures to a segmental duct (segment [II duct in 18 
patients and another segmental duct in four). For those 
undergoing resectional procedures, the actual 1-year 
survival rate was 86 per cent and the 2-year survival rate 
was 43 per cent. No patient survived until the end of the 
third year. The mean survival of patients undergoing 
palliative biliary bypass procedures was 8 months and the 
1-year survival rate was only 26 per cent. All patients died 
within 2 years. Some jaundiced patients in this series were 
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found to have several abnormal autonomic function test 
results’, although the significance of these findings needs 
further investigation. 

Generally, non-jaundiced patients with opisthorchiasis 
seem to have a better long-term outcome after operation 
than those who are icteric. Patients with a peripheral-type 
cholangiocarcinoma have a better prognosis than those with 
a hilar tumour; similar findings occur in patients with 
cholangiocarcinoma without associated liver fluke infesta- 
tion”?. Successful curative tumour resection is uncommon, 
although in approximately one-quarter of the patients the 
tumour can be resected"? The fact that up to three-quarters 
of the patients already have lymphatic or vascular invasion, 
or peritoneal seedings, at the time of operation makes 
aggressive surgery unlikely to be beneficial. By and large, 
survival after operation for cholangiocarcinoma associated 
with opisthorchiasis is similar to that in patients without 
liver fluke infestation’?! Although there are no data 
available for the long-term outcome following surgical 
treatment of C. sinensis- or O. felrmeus-associated cholangio- 
carcinoma, survival can be expected to be more or less 
similar to that of the patients with opisthorchiasis described 
above. 


Chemotherapy and immunomodulation 


As periductal fibrosis and thickening of the bile duct walls, 
leading to bile duct obstruction, are consistent pathological 
findings, and intraluminal obstruction by flukes is fre- 
quently seen in the liver of patients with liver fluke 
infestation regardless of the development of cholangiocar- 
cinoma’, there is no significant role for available adjuvant 
chemotherapy after operation because of the risk of 
cholangitis and sepsis*’. Progress in identifying suitable 
or new forms of chemotherapeutic agents is slow because 
this tumour is rare in the developed countries where most 
research institutes and pharmaceutical companies are 
located. However, several anticancer drugs, especially 
from plant products, have been tested against liver 
fluke-associated cholangiocarcinoma in Thailand’, 
Triptolide, a diterpene from Tripterygium wilfordii, has 
been shown to be highly effective against cholangiocarci- 
noma by m vitro cytotoxicity assay and # vive inhibition of 
tumour growth in hamsters. It can induce apoptosis in 
several cholangiocarcinoma cell lines, and the appearance of 
apoptosis and DNA fragmentation occurs within 24 h of 
exposure to the agent”. The fact that the ED;5ọ (effective 
dose that inhibits 50 per cent of cell growth) of triptolide 
when tested against these cell lines is lower than that of 
other antitumour compounds suggests that it may have 
therapeutic potential for development into an effective drug 
against this form of bile duct cancer’*~”*. 
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More recently, tumour necrosis factor (TNF) a, at a 
concentration of 760 and 100 pg/ml in the presence of 
actinomycin D 1 ug/ml, has induced 50 per cent cell death 
in the two established human cholangiocarcinoma cell lines. 
The death of these two cell lines has been shown to be 
through apoptosis, and TNF-a type I receptor is involved 
in the process by generating sufficient signal to activate 
caspase group II enzymes, which are key enzymes in 
initiating the apoptotic event. Pharmacological modula- 
tion of this group of enzymes may have a role in the 
treatment of cholangiocarcinoma in the future. 


Conclusion 


Although the association between liver fluke and cholangio- 
carcinoma has been recognized for more than halfa century, 
and the carcinogenesis induced by the fluke has been 
actively investigated, the actual causal relationship between 
the parasite and the cancer is still poorly understood. The 
molecular biology of the rumour must be further studied. 
Idenufication of a marker for the tumour at an early stage is 
essential if the outcome of surgery is to be improved. 
Similarly, improvement in imaging technology to locate the 
tumour precisely will be important. New forms of treatment 
in addition to surgical resection, as well as effective means of 
controlling liver flukes, should also be explored. 
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Background: Postoperative fatigue is common, even after uncomplicated operations. Various theories 
have been presented regarding its aetiology, each suggesting different possible interventions. The 
purpose of this review was to identify all studies that have assessed interventions for postoperative 
fatigue and to evaluate these interventions using meta~-analytical techniques. 

Methods: Randomized controlled trials of interventions, identified from a systematic search of relevant 
databases, were evaluated according to standardized criteria and categorized according to intervention 
modality. Data relating to the efficacy of each intervention at four different postoperative time-points 
were collated and data synthesis by meta-analysis was performed. 

Reeults: Analgesia is effective in reducing fatigue immediately after operation. Perioperative 
administration of human growth hormone reduces fatigue between 8 and 30 days after abdominal 
surgery. Weaker evidence was found to suggest an influence of glucocorticoid administration and of 
surgical technique on fatigue in the first week after operation. No evidence was found to support the 
theory that psychosocial or nutritional interventions affect the symptom. 

Conojusions While the results demonstrate thet improved analgesia can attenuate immediate 
postoperative fatigue in most patient groups, further research is needed to determine whether the 
efficacy of human growth hormone and glucocorticoids extends beyond abdominal surgery. ‘The paucity 
of research into cognitive-behavioural, sleep and activity-based interventions also needs to be 


addressed. 
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Introduction 


Postoperative fatigue is the principal subjective problem 
facing many patients following otherwise uncomplicated 
surgery . For those affected, the symptom manifests itself as 
‘an indefinable weakness throughout the body after doing 
only minor tasks’ requiring ‘the [frequent] necessity of 
sitting or lying down ...[and] an increased need for sleep”. 
Postoperative fatigue may have major implications for a 
patient’s subsequent recovery”. 

Unfortunately, the aetiology of the symptom remains 
poorly understood. The most commonly cited explanation 
is that summarised by Christensen®, who suggested that the 
catabolic effects of the surgical stress response, combined 
with impaired postoperative nutritonal imtake and 
decreased mobility, contribute to faugue by reducing 
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skeletal muscle mass. Impaired cardiorespiratory fanction- 
ing may also be implicated’. Encouraging anabolism 
through improved nutrition®’ or administration of human 
growth hormone (HGH)'*’, and reducing the surgical 
stress response by means oferty: invasive mae 
spinal blockade’® or glucocorticoid administration?” 19 
have all been suggested as possible interventions. 

Alternative theories have variously emphasized sub- 
clinical mineral deficiencies”®, increased brain tryptophan 
concentrations*!, disrupted cytokine production’*”’, 
disturbed sleep patterns??? and self-fulfilling patient 
expectations coupled with negative mood’® as aetiological 
factors. Clearly, each of these theories carries its own unique 
implications for potential intervention. 

A systematic review was conducted to identify all 
randomized controlled trials (RCTs) that have assessed 
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the impact of different interventions on postoperative 


fatigue, and to determine, using meta-analyses where 
appropriate, whether any of these interventions is effective. 


Methods 


Search strategy for the identification of studies 


Two database searches were conducted. An initial search 
was performed on Medline, Embase, CINAHL, PsychInfo, 
IST Science, ISI Social Science, ISI Index to Scientific and 
Technical Proceedings, ASSIA, PreMedline, the Cochrane 
Collaboration Library, HealthSTAR and the Index to 
Theses, all of which were examined from inception to July 
2001 for English-language papers containing surgery- 
related MeSH or free-text terms in combination with 
fatigue-related MeSH or free-text terms. The full strategy 
used is available from the authors. 

A second search was subsequently made to identify 
additional surgical studies that utilized the profile of mood 
states (POMS) questionnaire”, a 65-item questionnaire 
used by several studies identified in the mitial search, and 
which contains a reliable seven-item fatigue subscale 
together with scales designed to assess, for example, anger 
and depression. This search was performed using the same 
databases and surgical search terms as before, but substitut- 
ing ‘POMS or profile of mood states’ for the fatigue-related 
terms. 

The citations of all papers included in the review were 
examined for additional studies, as were the reference 
sections of &8 reviews, editorials and commentaries 
identified during the review process. Finally, an indepen- 
dent unpublished systematic search for postoperative 
fatigue-related papers’? was examined to check the 
comprehensiveness of the strategy. This search, performed 
on a limited number of databases for the period 1966-1999, 
identified 16 relevant RCTs. 


Inclusion criteria 


Only RCTs reported in English were eligible for inclusion 
in the review, with an RCT defined as a study in which 
patients were allocated to treatment groups on the basis ofa 
random or quasi-random method (e.g. using random 
number tables, hospital number, date of birth). 

As the primary outcome for the review was subjective 
fatigue following surgery, only studies that used self-report 
fatigue measures after operation were eligible for inclusion. 
A fatigue measure was defined as any attempt to quantify the 
intensity of subjective fatigue, excluding, for example, single 
ves/no items. Eligible studies were also required to have 
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made at least one fatigue assessment more than 24 h after 
operation. 

Studies were excluded if not all the participants in the 
sample had undergone operation, if any of the participants 
had undergone fatigue-related adjuvant therapy or opera- 
tion (e.g. chemotherapy, radiotherapy, bilateral adrenalect- 
omy), or if any of the participants had a fatigue-related 
diagnosis (e.g. chronic fatigue syndrome, fibromyalgia. 
pregnancy, univentricular heart), Owing to the high 
frequency of chemotherapy, radiotherapy and immuno- 
therapy used in breast cancer treatment and organ 
transplantation, all studies specifically examining these 
procedures were excluded. 


Quality assessment 


The methodological quality of included studies was 
assessed on four scales relating to the fatigue questionnaire 
(2, validity and reliability has been demonstrated; 0, validity 
and reliability not demonstrated), blinding (2, double blind; 
1, single blind; 0, no binding), concealment of allocation at 
enrolment (2, truly random allocation; 1, semi-secure 
randomization; 0, non-secure randomization) and comple- 
teness of follow-up (2, 100 per cent follow-up or intention 
to treat analysis; 1, 80-99 per cent follow-up; 0, follow-up 
79 per cent or less). Where insufficient information was 
presented to assess an aspect of methodological quality, no 
points were given. A total quality score of between zero 
(worst quality) and eight (best quality) was then allocated to 


each RCT. 


Data analysis 


Data were pooled within studies to give no more than one 
outcome at each of the following time-points: same day as 
surgery to postoperative day 1 (d0-d1), postoperative day 2 
to day 7 (d2-d7), postoperative day 8 to day 30 (d8-d30) and 
postoperative day 31 or later (d31+). Meta-analyses were 
then conducted at each time-point under a random-effects 
model, using Meta View version 4.1 for Windows (Update 
Software, Oxford, UKY” to examine the efficacy of various 
interventions compared with routine care or placebo. 
Where both routine care and placebo groups were used in 
a study, the placebo group was taken as the reference 
category. 

To enable aggregation of results from RCTs using 
different fatigue scales, the difference between outcomes for 
the treatment and no-treatment groups within each study 
was first divided by the pooled standard deviation for these 
outcomes. The overall results are therefore presented as the 
standardized mean difference (SMD) with 95 per cent 
confidence intervals (c.1.), with a negative SMD indicating a 
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lower fatigue score in the intervention group. 
Heterogeneity was assessed with Q tests, with P< 0.1 
taken as indicating significant heterogeneity to allow for the 
low power of this technique. 


Review process 

The study selection, quality assessment, data extraction and 
analyses were performed by one reviewer (GJ.R.), with 
uncertainties resolved through consultation with the second 
author (MLH). 


Reeults 


Search results 


The searches retrieved a total of 5325 references, of which 
648 were examined in full. Five hundred and eighty (90 per 
cent) of these were subsequently excluded for: having no, or 
an inadequate, fatigue measure (197 papers), using an 
inappropriate design (187), using an inappropriate sample 
(103), being a review paper (88) or not being reported in 
English (five). Sixty-eight papers providing data on 66 
RCT's were included. Fifty of these were identified through 
the initial search and 16 from the POMS-specific search. 
Cross-checking with the independently performed sys- 
tematic search*® did not reveal any missed references. 

The intervention modalities examined by the 66 RCTs 
were analgesia (17 studies; n = 1084)'3°** psychosocial 
(16 studies; n = 1546)***', nutritional (eight studies; 
n = 258) operative technique (six studies; 
n m 228)'%17,06-69 anaesthesia (six studies; n = 324 %75, 
HGH (four studies; n = 138)'°'*7° glucocorticoids (three 
studies; n = 64)'’-'? and other interventions (six studies; 
n = 785/077 81, 


Analgesia interventions 
Studies included in this category (Table 1) investigated a 
diverse range of interventions, including transcutaneous 
electrical nerve stimulation (TENS)**”’ (four studies), 
epidurals’®?°?'? (five studies), analgesia via interpleural 
catheter’? (one study), self-administered versus nurse- 
administered analgesia*®*’ (two studies), fentanyl versus 
morphine’? (one study), hydromorphone versus morphine“? 
(one study), supplemental morphine at night-time?’ (one 
study), ketorolac versus placebo’ (two studies) and 
ibuprofen versus placebo“? (one ). These interventions 
were conducted on abdominal'®?!~°?3°4041, gynaecologi- 
cal?47637,39:4244 | orthopaedic? ™3® and cardiac’ patients. 
Eleven comparisons between increased analgesia and 
routine care or placebo provided sufficient information for 
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Reduced fabgue 
Standardized mean differance 


Fig. 1 Effect of analgesia on postoperative fatigue. Bars indicate 
95 per cent confidence intervals 


1oclusion in a meta-analysis for d0—d1, with ten identified at 
d2-d7, two at d8—-d30 and one at d31+. As illustrated in 
Fig. 1, increased analgesia was found to reduce post- 
operative fatigue significantly at d0-d1, with a SMD of 
— 0-21 (95 per cent c.i. — 0-37 to — 0-04; P = 0-01). Fatigue 
at the other time-points was not significantly affected, with 
SMDs of -0.06 ~ 0-29 to 0-16; P = 0-6), — 0-08 (— 0-48 to 
0-32; P = 0-7) and — 0-12 (— 0.58 to 0-34, P = 0-6) respec- 
tively. Of the five comparisons not included in the analyses 
but for which results were available, none showed any effect 
of increased analgesia at any time-point’’ *?**. 

Perhaps surprisingly, given the differing nature of the 
interventions included in these analyses, little heterogeneity 
was observed at d0—d1 (Q = 11-21, 10 d.f., P = 0-34) or at 
d8-d30 (Q = 0-10, 1 d.f., P = 0-75). Significant heteroge- 
neity was identified at d2-d7, however (Q = 16-19, 9 d.f., 
P = 0-06). To examine whether this heterogeneity was due 
to a difference between opioid and non-opioid interven- 
tions, subgroup analyses were performed for opioid-related 
RCTs*°°”414 and TENS-related RCTs°**?’. Significant 
heterogeneity was still present for the opioid group 
(Q = 14-60, 3 d.f., P < 0-01) but not for the TENS group 
(Q = 0-49, 5 d.f., P = 0-99), suggesting that this distinction 
was not the sole source of heterogeneity. An alternative 
subgroup analysis comparing interventions shown to 
provide high pain relief versus those that gave low pain 
relief was not feasible as the main outlier that contributed 
most to the heterogeneity’? failed to provide the required 


information. 


Psychosocial interventions 
A variety of psychosocial interventions was identified 
(Table 2), including emotionally disclosive writing’ (one 


www.bys.co.uk Briush Journal of Surgery 2002, 89, 971-984 


974 Interventions for postoperative fatigue * G. J. Rubin and M. Hotopf 


Table 1 Randomized clinical trials of analgesia 
















Reference l Sample ` Ea A ae o < Intervention" ap Quality 





D a conventional analgesia (10) | > 
30 Hip arthroplasty ce a pe Epidural (14). versus E 
Eo a conventional analgesia (11) 









ige in fatigue 3 


Epidural and indomathaciri (12) f 
| 8 (P > 0-08). 


af Somers : 

heat a Blt ay ea versus s conventional vee (2) 

ae Interpleural catheter (8) versus 
narcotic Jaalan (8) 


32 a a Open choleoys ec 


33 | E Abdominal surgery y A roie fentanyi @v versus | Colas NO as cant: n- (P > 0-05) 


; sant TENS 5 (25) versus 


: ating TENS e5 ae 
i ` Routine care (26) versus No significant di 
: — 2 sham TENS at acupoints (25) versus: ee a 
~ low-intensity TENS | at r ecupoins (BBY ee. 















a s preop.oratdlord2 3 





sal nde lower fatique in 





eie 


(aay 2 and d evening) 3 
t)o 


*Values in parentheses are numbers of patients. d, Day; TENS, transcutaneous electrical nerve stimulation; PCA, patient-controlled analgesia 
Val y parenth are numbers of patients. d, Day; TENS, transcutaneous electrical nerve stimulation; PCA, patient-controlled analg 
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46 , X cf - 
study), emotional or psychiatric support °! (two studies), No comparisons were available on the efficacy of 
$7 49,50, 5 . : : ; i : 
relaxation training 50.54 (four studies), coping skills psychosocial interventions at d0-d1, although four were 
48,51-53.57 7¢ ' ef dese 
training” ‘33.97 (five studies) and provision of informa- available at both d2—d7 and d8-d30, and three at d31+. No 


tion? 955688-6l (seven studies). The majority of these significant effect was apparent at any of these points, with a 
studies 2 ere e conducted using patients undergoing cardiac SMD of —0-13 (95 per cent c.i. -0-48 to 0-23; P = 0-50), 
surgery” SE although those having orthopaedic TE, -0.16 (~ 0-37 to 0-04; P = 0-12) and -0-27 (~ 0-67 to 0-13; 


1 
53.55.56 ‘ ; : : a 
ma 2222 malignant melanoma” and day P =0-19) respectively (Fig. 2). Despite the prima facie 
surgery’ were also represented. heterogeneity of the treatments, no statistically significant 


Table 2 Randomized clinical trials of psychosocial interventions 


Car dac surgery | 
mes : i aes care: 7) 
. Cardiac surgery o! (13) versus routine 


oe wr - CABG U o pa — X E: y training (47) versus routine 


BG . g (19) versus emotional 
e rt ee yas 0) versus routine care (19) 


Kills s booklet (26) versus 
dural information booklet 
lly informative booklet 

utine care (46) _ 


. (20) versus sensory No si 
0) versus oe informative. (P: 


$ oe oe a about 
0) Sdi routine care {90) 


jili ration a 97) versus routine 
ae “information (427) 





*Values in parentheses are numbers of patients. d, Day; CABG, coronary artery bypass graft 
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heterogeneity was identified at any time-point (Q = 3-56, 
3 df, P = 0-31; Q = 0.95, 3 d.f., P = 0-81: Q = 3.43, 2 df, 
P = 0-18). Of the five studies not included in these analyses 
PHOT IIS only one™ found 
a significant effect, with reduced fatigue reported during the 
first postoperative week for cardiac patients engaged in 


that provided relevant results 


guided imagery. 


Nutritional interventions 


Two studies included in the review examined the effect of 
providing dietary advice and protein supplements to 


pomeste BD 8 
prominent SOD 
aas aaa 2.6} 
beet Total d3 te 


d314 


precie SCS 


pond 5G 

| Pon GO 
d8—-d30 foment 
| rei Total da-d36 


frome E OG 
te 5 
peet a G 
Frecneeneenntnanetntemnnnd fF 


point Total d2—ci7 
Ea ee EST a geese Oe 
-5 0 5 


Reduced fatigue 


Postoperative time-point 


increased fatigue 


Standardized mean difference 


Fig. 2 Effect of psychosocial interventions on postoperative 
faugue, Bars indicate 95 per cent confidence intervals 


Table 3 Randomized clinical trials of nutrition 








patients", two investigated immediate enteral feeding’, 
one investigated early parenteral feeding’, three examined 
the effect of providing general nutritional supplements “°° 
and one examined whether a specific glutamate supplement 
provided any benefit®* (Table 3). Each of these studies used 
an abdominal or general surgical sample. 

No study provided adequate data for use in a meta- 
analysis at d0-d1, with four, two and one studies providing 
data for d2-d7, d8—d30 and d3 1+ respectively (Fig. 3). The 
SMD at these time-points was — 0-09 (95 per cent c.i. ~ 0-56 
to 0-38; P = 0-70), -0-34 (— 0-90 to 0-23; P = 0-20) and 
-0.29 (- 0-99 to 0-40; P= 0-40), none reflecting a 
significant effect. No significant heterogeneity was identi- 
fied at d2~d7 (P = 0-14) or d8—d30 (P = 0-86), with Q scores 
of 5.52 (3 d.f.) and 0-03 (1 d.f.) respectively. Three studies 
provided further relevant information that could not be 
entered into these analyses™”, none of which identified a ny 
significant effect of nutritional intervention. 


Surgical technique 


All studies except one in this category (Table 4) investigated 
the difference between laparoscopic and open surgery for 
the tollowing procedures: colorectal resection'*, appendi- 
cectomy'’, colonic resection®®, Nissen fundoplication” 
and tubal ligation". Clearly, the difference in invasiveness 
between laparoscopic and open surgery depends on the 
specific procedure under consideration, making it difficult 
to group the results of these trials. Therefore, no formal 
meta-analysis was attempted in this category. 
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- ~ . 4,15,6¢ sche 
Of these five studies, three'*'!*“°° reported no significant 


difference at d0-d1, while one®’ reported reduced fatigue in 
the laparoscopic group at this time. Three studies'*°°* 
reported no significant difference at d2-d7, while two 
reported less fatigue in the laparoscopic group. None of the 
three studies that provided data reported a significant 
difference between the groups at d8-d30!"°°°", No data 
were available for d31+. No significant difference was 
identified at d0, d1 or d2 by the final surgical technique 


14,67 


bi 63 
= 344 bene Total det 
Oo s 
aa 
o i ‘ 
E | premene rene E A 
= name Ls. 
g d8-d30 H- papane Total GB-G3O 
a | 
Taga 
2 ‘ 
s prunenn iS 
la Se 63 
a d2-d7 frente H 


Heti Total d2-d7 





-5 0 5 
Reduced fatigue increased fatigue 


Standardized mean difference 


Fig. 3 Effect of nutritional interventions on postoperative 
fatigue. Bars indicate 95 per cent confidence intervals 


Table 4 Randomized clinical trials examining surgical technique 


study, which compared French and American styles of 
è € 
laparoscopic cholecystectomy””. 


Anaesthesia 


The anaesthesia studies included in the review examined the 
effects of qualitatively different techniques (Table 5), 
prohibiting the use of meta-analysis. While no differences 
were identified between different isomers of ketamine’! or 
between isoflurane and propofol”, significantly higher 
fatigue levels were reported at d0-d1 for 200 mg pethidine 
compared with 100 or 50 mg pethidine, or 250 mg 
prilocaine’’, and for thiopentone compared with propofol 
at d0-d1”. Significantly greater fatigue was also reported 
for propofol compared with desflurane at d7, but not at dO 
onal". 


Human growth hormone 


Three studies were identified that compared HGH with 
placebo following major abdominal surgery’ (Table 6). 
An additional study compared administration of 
Cetornan® nutritional supplement (Laboratoires J 
Logeais, Paris, France), reported to stimulate HGH 
secretion, with a formula peptide supplement following 
surgery for hip fracture. 

For the meta-analyses, none, three, two and three 
comparisons were available for inclusion at the four 
respective time-points (Fig. 4). The SMD was found to be 





*Values in parentheses are numbers of patients. d, Day 
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-0.33 (95 per cent c.i. -0-74 to 0-08; P = 0-11) at d2-d7, 
-0.55 (- 1-13 to -0-17; P = 0-01) at d8-d30 and -0-39 
(- 1-58 to 0-80; P = 0-50) at d30+, suggesting a significant 
beneficial effect of HGH treatment only at d8—d30. 
Significant heterogeneity was identified at d31+ 
(Q= 11-21, 2 d.f, P< 0-01), but not at d2~-d7 (Q = 0-68, 
2d.f., P = 0-71) or at d8-d30 (Q = 0-75, 1 d.f., P = 0-39). 
Given the limited amount of data available at d31+, no 
statistical attempt was made to identify the source of the 


Table 5 Randomized clinical trials of anaesthesia 


Sample 















heterogeneity at this point. The Cetoran study’®, while 
providing insufficient data for inclusion in the meta- 
analysis, reported that the intervention significantly 
reduced fatigue at day 56. 


Glucocorticoids 


Three studies examined the effect of perioperative gluco- 
corticoid administration in patients undergoing abdominal 













| Reference | os intervention” Findings Quality 
70 ns Arthroscopic’ examination 200 mg pethidine (10). tee No signifi ence ‘Preop. or at d0 6 
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l | ee Be eater a in 
72 Day surgery dilatation ye . Thiopentone i ( hy vers propofol (2) 2 2. 
and.curettage > ea ee y less | 
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7 | | CABG | eee | n : Isoflurane ayy versus 8 propofol (24) reop. OF at discharge 5 
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| cholecystectomy aoe oe gui eer pasiran group at 






‘oo give a measure a 


“Values in parentheses are numbers of patients, d, Day; CABG, coronary artery bypass graft 


Tabie 6 Randomized clinical trials of human growth hormone 






DF t 10 or d30 6 


“Values in parentheses are numbers of patients, d, Day; HGH, human growth hormone; rHGH, recombinant human growth hormone 
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7-16 ; a dig 
surgery (Table 7). Although insufficient data were 
available to warrant a meta-analysis, one study'’ reported 


d31+ ae aL Coy ye : my | 
Reo meer errr a significant beneficial effect of glucocorticoids at d0-d1, 
3 but not during d2-d7. A second study!” reported no 
eR significant difference between glucocorticoid and placebo 


eij 19 i , H 2 
Beer Tota 48-430 groups at d0-d1, d2-d7 or d8-d30, and the final study'” 
reported an overall beneficial effect of the glucocorticoid 


provision over d1, d2, d4 and d$. 


ae aa (aa 


Postoperative time-point 


pm Total d2- 


Other interventions 





Reduced fatigue increased fatigue 


Details of the other types of intervention included in the 
review are provided in Table 8. It can be seen that limited 
chair-nursing following lower-limb surgery”, increased 
perioperative hydration during dental surgery”, and the 
administration of Effortil® (Boehringer Ingelheim, 


Standardized mean difference 


Fig. 4 Effect of human growth hormone treatment on 
postoperative fatigue. Bars indicate 95 per cent confidence 
intervals 


Table 7 Randomized clinical trials of glucocorticoids 


iprednisolone (10) 


lprednisotone and 
h- postoperative 


“Values in parentheses are numbers of patients. d, Day 





Table 8 Orher randomized clinical trials 


os globin threshold ee io 
ts shold (155) a 


*Values in parentheses are numbers of patients. d, Day; CABG, coronary artery bypass graft 
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Randburg, South Africa) after gynaecological surgery” 
have all been found to reduce postoperative fatigue 
significantly. Same-day discharge” following laparoscopic 
cholecystectomy and lowering the haemoglobin threshold 
for blood transfusion” for cardiac patients have not done so. 


Discussion 


Current evidence 


The results of this review show that increased analgesia is 
effective in reducing fatigue during the immediate post- 
operative period. For patients having abdominal surgery 
there is also reasonable evidence that provision of peri- 
operative HGH reduces fatigue in the d8—d30 period. More 
equivocal evidence supports the efficacy of glucocorticoids 
in such patients and the use of laparoscopic surgery for some 
procedures, such as Nissen fundoplication and colorectal! 
resection. On the basis of the research to date, there is no 
evidence that psychosocial or nutritional interventions 
affect postoperative fatigue. 


Research content 


Unfortunately, interpretation of these findings is compli- 
cated to a degree by the different surgical populations 
included in the review. It has been reported, for example, 
that patients having major abdominal surgery experience 


greater fatigue than those undergoing minor procedures 


little tiredness’. Whether interventions that failed to 
attenuate fatigue following, say, orthopaedic surgery 
would have been more successful in the major abdominal 
surgery setting is therefore a moot point. Until further 
research has been conducted it is difficult to draw any 
conclusions from these data about the efficacy of nutri- 
tional, HGH or glucocorticoid interventions in non- 
abdominal patients. It may be easier to extrapolate from 
the findings relating to analgesia and psychosocial inter- 
ventions, given the range of surgical populations that have 
been included in the relevant studies. 

It is also important to recognize that many of the RCTs 
included in this review were not designed specifically to 
reduce postoperative fatigue and provided little or no 
theoretical rationale as to why the intervention under study 
might be expected to attenuate it. This is particularly true of 
the psychosocial RCTs, 13 of which are reported here only 
because of their use of the POMS questionnaire to measure 
postoperative mood, That these interventions failed to 
demonstrate any significant effect on fatigue 1s relatively 
unsurprising, and it remains to be seen whether better 
targeted psychosocial interventions would prove more 
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beneficial. Certainly, given the efficacy of cognitive- 
behavioural interventions in the treatment of other fatigue 
syndromes*’, the present authors believe that research 
along these lines might now also be indicated in this area. 
Of those studies that did specifically target postoperative 
fatigue, it was notable that the large majority based their 
interventions solely on the catabolic surgical stress model” 
of the symptom. No studies were identified that attempted 
to reduce fatigue by improving postoperative sleep 
hygiene? ät, decreasing the amount of plasma tryptophan 
available to cross the blood—brain barrier“!, or altering 





patient expectations or postoperative mood’®, as indicated 
by various alternative theories. Furthermore, despite the 
putative causal role of reduced mobility in causing post- 
operative fatigue’, no RCTs were found that used physical 
activity-based interventions. There is thus scope for further 
research in each of these areas. 


Research methodology 


In general the quality of the research identified by this 
review was average to poor. Small sample sizes and 
incompletely reported methods and results were of concern, 
but more worrying still was the poor quality of the 
questionnaires used to assess postoperative fatigue. 
Attempts to assess fatigue objectively by measuring, for 
example, physical activity, time taken to return to normal 
routine, or involuntary or voluntary muscle force are 
problematic because they can be confounded by numerous 
factors including pain and anxiety. Much effort has there- 
fore been devoted to developing short and easy-to-use 
questionnaires that provide some quantification of a 
patient’s subjective feeling of fatigue. It was therefore 
disappointing to find that 23 studies utilized measures 
that have not had their validity or reliability evaluated 
empirically! 4!530343637,394244,50,61,67,68,70.72,74-80 Future 
research should ensure that an adequate measure of 
subjective fatigue is employed, possibly in tandem with 
important objective measures, such as time taken to return 
to work. 


Implications 


In terms of the clinical implications of this review, the 
efficacy of perioperative HGH in reducing postoperative 
fatigue at d8-d30 is encouraging. As yet, however, this 
treatment has been examined in only a very small sample of 
patients undergoing abdominal surgery, and larger clinical 
trials are now needed to verify the finding and to examine 
the overall safety of HGH after operation before its use can 
be recommended in clinical practice. The efficacy of 
glucocorticoids in the immediate postoperative period 
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may have less applicability, given the known immuno- 
suppressive effects of these agents’’. Improved analgesia 
may be more useful at this time-point. 

In terms of theoretical implications, these findings 
suggest that postoperative fatigue may have a two-stage 
pathogenesis, with different aetiological factors active in 
early and late convalescence. The finding that interventions 
such as laparoscopic surgery and glucocorticoid provision 
appear to have most effect at d0—d1 and d2-d7 supports the 
suggestion that some acute aspect of the surgical stress 

nse may play an important role during early recov- 
> For example, both interventions dampen cytokine 
expression following surgery’, a phenomenon that has 
recently been shown to correlate with fatigue®’. As 
increased analgesia also reduces early fatigue, it is possible 
that sleep disturbance due to pain may also be a contributing 
factor?***, Which variables are important during the later 
convalescent period is less clear. HGH, effective from day 8 
to day 30, has variously been demonstrated to improve 
postoperative nitrogen balance, voluntary muscle function, 
pulmonary function and immunocompetence’*?, 


Conclusion 


The results of this review suggest that postoperative fatigue 
immediately after operation may be attenuated by improved 
analgesia, perioperative administration of HGH and 
glucorticoids. However, many of the findings in this area 
require confirmation and extension to other surgical 
populations. There also remains much scope for novel 
interventions, not based on the surgical stress model of 
postoperative fatigue, to be attempted. 
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Background: There is little evidence of the clinical and cost effectiveness of self-expanding metallic 
stents in the palliation of oesophageal cancer. The aims of this randomized trial were to evaluate the 
immediate and medium-term clinical outcomes following palliative intubation, examine patient quality 
of life, and evaluate costs and benefits from the perspective of the health service. 

Methods: Fifty patients with inoperable oesophageal cancer were randomly allocated a metallic stent 
(n = 25) or plastic endoprosthesis (# = 25). Patients were followed up monthly until death. 

Results: There was no significant difference in procedure-related complications or mortality rate 
between the two groups. There was a trend towards significance in favour of metallic stents with 
respect to quality of life and survival (median survival 62 versus 107 days for plastic prosthesis and 
metallic stent respectively). The cost of the initial placement of metallic stents was significantly higher 
than that of plastic endoprostheses (£983 versus £296). After 4 weeks, cost differences were no longer 
significant. 

Conclusion: Metallic stents may contribute to improved survival and quality of life in patients with 
oesophageal cancer. Although initially more expensive, this cost difference does not last beyond 
4 weeks. A larger trial involving approximately 300 patients would be required to detect a quality of life 


benefit of the magnitude observed in this trial. 
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introduction 


Oesophageal cancer is increasing in the UK and has a poor 
outcome, with an overall 5-year survival rate of less than 10 
per cent, and fewer than 50 per cent of patients are suitable 
for resection at presentation’. For most patients palliation 
is the only option. 

Palliative treatment of the dysphagia resulting from 
progressive oesophageal cancer may include radiotherapy, 
chemotherapy, endoscopic dilatation, endoscopic ablation 
and the insertion of an endoprosthesis’. Originally, 
semirigid plastic endoprostheses were used. A more recent 
development is the self-expanding metallic stent”. These 
offer a lower insertion profile, do not generally require 
predilatation of the tumour and are inserted using only 
topical anaesthesia and conscious sedation. Once placed, 
they expand rapidly to a greater diameter than plastic 
endoprostheses. 
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To date, there have been five small randomized trials 
examining the clinical effectiveness of treatment with a 
metallic stent compared with a plastic endoprosthesis”. In 
general, these studies have shown that dysphagia initially 
improves for all patients. Procedure-related complications 
tended to be lower in patients with metallic stents and 
length of hospital stay was shorter. The 30-day mortality 
rate and overall survival were similar in both groups. In 
studies with an economic evaluation, the cost of initial 
placement of a metallic stent was greater". No study, 
however, collected data on costs beyond the initial hospital 
admission. Only one study included any information on 
patients’ quality of life, which was similar in both groups’. 

Studies are still required, therefore, that evaluate not only 
the clinical effectiveness of metallic stents compared with 
plastic endoprostheses but also their cost effectiveness 
beyond the initial placement period and impact on patients’ 


ae 


quality of life. The aim of this study was to evaluate the 
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immediate and medium-term outcomes following pallia- 
tion, including procedure-related mortality, complications 
and reintervention rates. The study additionally aimed to 
examine quality of life for the patient before and after 
intervention, and evaluate the costs and benefits following 
intervention from the perspective of the health service. 

At the time of designing this study, there was a lack of 
appropriate clinical data on which to base a sample size 
calculation. Therefore, this study was designed as a pilot to 
inform the design of a multicentre randomized controlled 
trial. 


Patients and methods 


Patients 


Patients were eligible for inclusion in the study if they were 
over 35 years old and suffering from dysphagia due to a 
malignant tumour arising from the oesophagus, including 
the gastro-oesophageal junction, that was inoperable or if 
the patient was considered unsuitable for surgical resection 
owing to poor general health or advanced age. Previous 
treatment, e.g. laser or radiotherapy, did not exclude them 
from the trial and there were no restrictions on later 
adjuvant treatment, e.g. chemotherapy. Patients were 
excluded from the trial if there was no histological evidence 
of a tumour, a tracheo-oesophageal fistula or a tumour 
within 3 cm of the upper oesophageal sphincter. 

Patients attending two acute hospital sites in Glasgow 
were assessed for eligibility by a research nurse. Of 76 
patients. assessed, informed written consent was obtained 
from 50 who met the inclusion criteria. After collection of 
baseline data, patients were randomized using a list of 
computer-generated numbers concealed in sealed envel- 
opes to receive either a plastic endoprosthesis or metallic 
stent (fig. 1). An individual (G.D.M.) not involved in the 
recruitment, treatment or evaluation of the patients oversaw 
the generation of this list. The study was approved by the 
local research ethics committee at each hospital site. 


Placement of plastic endoprostheses 


The Wilson Cook endoprosthesis (Wilson-Cook Medical, 
Winston-Salem, North Carolina, USA) was used through- 
out. This semirigid plastic endoprosthesis is reinforced with 
an inner core of stainless steel spiral coils, and has an inner 
diameter of 12 mm and an outer diameter of 17 mm. The 
appropriate stent length, ranging from 4-4 to 14-4 cm, was 
chosen after endoscopic assessment of tumour length. 
Predilatation (mean 15 (range 14-19) mm) was carried out 
in 18 patients. The prosthesis was delivered over a Savary- 
Gilliard dilator in which the overtube was inserted through 
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Fig. 1 [rial profile 


the stricture by a pulsion technique with fluoroscopic 
guidance. Assessment of the prosthesis position was made 
using a combination of endoscopy and fluoroscopy. A 
consultant surgeon carried out the placements at each site. 
Conscious sedation (midazolam 2-10 mg) was used in most 
patients, although four required a general anaesthetic. 


Placement of metallic stents 


Covered self-expanding Wallstents™ (Boston Scientific, 
Watertown, Massachusetts, USA) were used in all but one 
patient who, owing to operator error, had a covered 
Ultraflex™ (Boston Scientific) stent placed. Two different 
Wallstent™ designs were used. The Flamingo™ (30 mm 
proximal flare and 20 mm distal flare, total length 140 mm) 
double-flared partly covered Wallstent™ was used in lower- 
third lesions and the distal end of the stent protruded 
unsupported into the stomach. The standard Telestep™ 
(25 mm diameter and 105 mm length) partly covered non- 
flared Wallstent™ was used in all other patients. 
Predilatation was carried out using a 12-mm balloon in six 
patients to overcome tumour resistance during stent 
placement or as a requirement of the covered Ultraflex™ 
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stent. Balloon dilatation was not required following stent 
deployment. The procedure was carried out by two 
consultant radiologists or by specialist registrars under 
their direct supervision. Fluoroscopy was used exclusively 
for all placements. Conscious sedation was used in all 
patients (diamorphine 5 mg and midazolam 2-10 mg). 

In both groups a water-soluble contrast swallow 
(Gastromiro™; Merck Pharmaceuticals, Ponders End, 
UK) was performed 24 h after placement of the prostheses 
to evaluate function, migration and exclude perforation. 
Plain radiography was carried out at 1 month to detect any 
further migration. The radiographs were reviewed by two 
independent consultant rediologists and any discrepancy 
resolved by consensus with one of the authors (J.G.M.). 
Patients in whom the stent or plastic endoprosthesis 
protruded across the cardia into the stomach were given 
prophylactic proton-pump inhibitors (omeprazole 20 mg 
per day) to minimize reflux symptoms. 


Follow-up 


Patients were evaluated immediately before treatment by 
the research nurse, then followed monthly at home until 
death. Dysphagia was measured on a five-point scale, from 0 
(able to eat a normal diet) to 4 (complete dysphagia)”. The 
research nurse recorded complications, reinterventions, 
readmission and deaths prospectively. 


Quality of life scores 

Quality of life was measured before placement and after- 
wards at monthly intervals, in patients’ homes, using the 
European Organization for Research and Treatment of 
Cancer EORTC) QLQ-C30 questionnaire plus an oeso- 
phageal cancer-specific module’®!’. This multidimen- 
sional quality of life measure examines five functional 
scales, three symptom scales and a global health and quality 
of life scale. A high functional score and a low symptom 
score is favourable. On the functional scales death was 
scored as 0. Conversely, on symptom scales death was 
scored as 100. As survival was relatively limited, mean scores 
for the first 4 months following placement were used. The 
mean score for each patient was calculated after assigning 
the lowest possible functional scores (0) and the highest 
possible symptom scores (100) at visits that were missed 
because the patient had died. 


Cost analysis 
The analysis was undertaken from a health service 


perspective. Primary analysis was based on the cost of 
placing the initial prosthesis and subsequent reinterven- 
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tions. Some patients had additional inpatient stays for 
reasons not directly related to the placement of a prosthesis, 
e.g. chemotherapy. These costs were not collected as part of 
the study; only the hospital inpatient stay based on routinely 
available data was included. This formed the basis of a 
secondary analysis. 

The monetary valuation of resource use was undertaken 
by attaching unit costs at 1997-1999 prices. For disposable 
equipment, the unit cost per patient was the manufacturer’s 
list price, including value added tax (VAT). For reusable 
equipment, the equivalent annual cost’? was calculated 
using a 6 per cent discount rate’? and estimates of each 
item’s useful life expectancy. These costs were divided by 
the estimated annual throughput to give costs per patient. 

costs were based on manufacturers’ list prices 
including VAT"*. Staff costs, including employers’ costs, 
were based on the top point of the salary scale for 
consultants and on midpoint salaries for all other staff. 
Data on the number and type of staff involved in each 
procedure and the length of time taken for the procedure 
were collected prospectively and the total staff cost Re 
procedure estimated. 

Overhead costs associated with attendance in the = 
ology unit were obtained from routine data for the two 
sites'*, No routine data were available for the costs of 
attending the endoscopy suite, so the radiological cost was 
used as a prory. The cost of theatre use at one site was based 
on the total cost of a theatre hour. The length of the 
procedure was used to calculate the cost of theatre time per 
procedure. The contrast swallow was based on the routine 
cost of a radiography attendance, with staff costs calculated 
as before and using the manufacturer’s list price for barium. 
Length of stay was calculated from the date of the initial 
placement to the date of discharge. The cost of an inpatient 
day was calculated from the routine cost of an inpatient 
week at both hospital sites’’. The length of stay cost was 
then calculated, as appropriate. The cost of a day case was 
also based on routine data’?. 


Statistical analvsi 
All analyses were carried out on an intention-to-treat basis. 
In accord with the pilot nature of this project, the majority 
of the analyses were descriptive. Formal statistical tests were 
based on non-parametric methods. Groups were compared 
using the Wilcoron—Mann—Whitney test, and survival data 
were analysed using Kaplan—Meier estimates and the log 
rank test. 

The costing data are presented using mean costs with 95 
per cent confidence intervals (c.i.). Not all patients had 
reinterventions; of those who did, reinterventions occurred 
at different times after the initial placement and were either 
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Table 1 Comparison of baseline characteristics 





"Values are mean(s.d.} 


inpatient or day-case episodes. To account for this, a 
cumulative cost profile was established for each patient 
from the time of the initial placement for 1 year. From this, 
the cumulative mean cost was compared for the two groups 
at selected timepoints after the initial placement. The mean 
cost per day survived was calculated by dividing the 
cumulative cost per patient by the length of survival. 
Sensitivity analysis based on routine hospital costs was 
performed. 


Results 


‘The two groups were similar, although more patients in the 
metallic group had metastatic spread (defined as blood- 
borne metastases) than in the plastic group (Table 1). Two 
patients in the plastic group died after randomization but 
before placement of a prosthesis. 


Technical success and complications within 24 h 


Excluding the two patients who died before placement of a 
prosthesis, there was one placement failure in the plastic 
group; a metallic stent was subsequently placed. All metallic 
stents were placed successfully. Pain was the main 
complication, in 14 patients with a plastic prosthesis and 
11 with a metallic stent. Aspiration/reflux was observed in 
three and four patients respectively. Stent migration, 
haemorrhage and a perforation occurred in one patient 
each in the metallic group. The latter complication resolved 
with conservative management. 
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Table 2 Finding at reintervention and resultant treatment 


Metallic 





Values in parentheses are number of episodes. *Patients may be in 
more than one category. *Failed plastic prosthesis at initial placement, 
metallic stent inserted 


Procedural and 30-day mortality 


There was no procedure-related death within 24h of 
placement in either group. Five patients in the plastic group 
and six in the metallic group died within 30 days. 


Dysphagia scores 


Dysphagia scores at follow-up were ranked and compared 
with baseline as an improvement or deterioration in score 
ranging from 3 to 0. Dysphagia improved initially in all 
patients. At | month no patient had worsening dysphagia; 
13 patients in the plastic group and 14 in the metallic group 
showed improvement. At 2 months five patients in the 
plastic group and 12 in the metallic group still showed an 
improvement compared with baseline. Although there was a 
trend towards metallic stents being more effective than 
plastic endoprostheses in improving dysphagia at 2 months, 
the numbers were small and failed to achieve statistical 
significance. 


Reinterventions 


Eight patients (with 26 episodes) in the plastic group and ten 
patients (with 23 episodes) in the metallic group required 
further intervention. Recurrent dysphagia (plastic group: 
seven patients with 21 episodes; metallic group: eight 
patients with 15 episodes) or bleeding (plastic group: two 
patients with four episodes; metallic group: five patients 
with ten episodes) were the commonest symptoms. The 
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Table 3 Mean cost per patient of initial placement of a plastic prosthesis or metallic stent 





Values are “mean(s.e.) or tmean (95 per cent confidence interval) for metallic versus plastic 


findings at reintervention and resultant treatment are 
shown in Table 2. 

Food impaction was restricted to the plastic group and 
treated endoscopically. Ingrowth occurred only in patients 
with a metallic stent. Tumour overgrowth was seen in five 
patients in the plastic group and six in the metallic group. 
This was treated by laser in the plastic group and by either 
laser or placement of a second metallic stent in the metallic 
group. Of patients who experienced bleeding, four in the 
metallic group required a blood transfusion. 


Quality of life 


Analysis was restricted to the first 4 months, owing to the 
small number of patients who survived beyond this point. 
No statistically significant difference was observed between 
the groups for any component. However, there was a trend 
in favour of metallic stents in 21 of the 26 components. This 
was most apparent for components associated with emo- 
tional function (P = 0-16), insomnia (P = 0-19) and the 
symptom of a dry mouth (P = 0-12). 


Survival and medium-term results 


Median survival in the plastic group was 62 (range 0- 
431) days and 107 (range +462) days in the metallic group. 
The estimated relative hazard ratio was 0-66 (95 per cent c.i. 
0.37 to 1-16). This trend in favour of metallic stents 
occurred even though 16 patients in the metallic group had 
metastatic spread at presentation compared with only nine 
in the plastic group. Five patients in the metallic group 
received adjuvant chemotherapy. Analysis of the survival 
times in these five patients did not show any increase in 
survival that would explain the differences shown in the 
whole group (data not shown). Overall, six plastic endo- 
prostheses migrated, two more than 5 cm and four less than 
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5 cm. Two metallic stents migrated, both in excess of § cm; 
one migrated completely into the stomach. 


Cost estimations 


‘The mean cost of the initial placement was £687-21 more in 
the metallic group than the plastic group, owing to the cost 
of the metallic stent (mean cost difference £633.80) 
(Table 3). There was no significant difference in the mean 
cost of placement-related reinterventions between the two 
groups (plastic: £285-65; metallic: £450-56; mean cost 
difference £164.91 (95 per cent c.i. ~£35-17 to £364-99)). 
The cumulative mean costs for the two groups were 
compared at selected timepoints after the initial placement 
(Table 4). Mean costs were higher for the metallic group 
than for the plastic group at all timepoints, but this was only 
statistically significant for the first 4 weeks following 
placement. 

The crude mean(s.e.) cost per day survived was 
£60-40(16-32) for the plastic group and £85-58(22-83) for 
the metallic group. The mean cost difference was not 
significant: £25-18 (95 per cent c.i. ~£31-25 to £81.60). 
Inclusion of the cost of hospital stays unrelated to the 
placement of prostheses increased the mean cost per day 
survived to £83-11(18-75) in the plastic group and 
£110-11(22-34) in the metallic group. However, the cost 
difference was still not significant: £27-00 (95 per cent c.i. 
~£32.24 to £86.25). A sensitivity analysis using average 
national costs had little effect on the differential cost of the 
two procedures (data not shown). 


Discussion 


Few randomized trials have compared palliative treatments 
for oesophageal cancer. Such studies are essential to assess 
the clinical and cost effectiveness of metallic stents, which 
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Table 4 Cumulative mean costs and cost difference at selected timepoints after initial placement 





Values are *meanis.e.) or Tmean (95 per cent confidence interval) for metallic versus plastic 


are significantly more expensive to purchase than plastic 
endoprostheses!"’. 

In designing this study, a key issue was obtaining robust 
clinical data on which to base the sample size calculation. At 
that time, 1995-1996, several case series and comparative 
studies had been published’ **, along with one randomized 
controlled trial with 42 patients*. These studies showed that 
insertion of plastic endoprostheses was associated with 
higher rates of procedure-related death and complications, 
in particular perforation of the oesophagus, compared with 
insertion of metallic stents. However, the reported mortal- 
ity and perforation rates associated with plastic endoprosth- 
eses (up to 16 and 20 per cent respectively) were felt to be 
much higher than those observed in the present authors’ 
centres. Basing a sample size calculation on these figures 
would have led to an underestimate in the number of 
patients required to show a clinically and statistically 
significant difference. In addition, there was a lack of data 
examining the quality of life for patients, with only one 
study reporting quality of life following endoscopic 
intubation using a non-cancer-specific quality of life 
measure’. On this basis, the study statistician advised that 
the study be designed as a pilot to obtain data to inform a 
larger multicentre randomized clinical trial. Statistically 
significant results were therefore not expected. None the 
less, some interesting results have been observed and this is 
still the second largest trial to evaluate the effectiveness of 
metallic stents in the palliation of oesophageal cancer. 

There was no evidence of a difference in procedure- 
related complications or mortality rate between the two 
groups. Phere are several possible reasons for this: only 
dilatation to a mean of 15 mm was used in the plastic group 
and conscious sedation was used in most patients. Three of 
the published trials found a significant difference in 
procedural complications, e.g. perforations, and mortality 
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receiving a plastic endoprosthesis were dilated to at least 
20 mm, and had a general anaesthetic in the process. In 
contrast, Roseveare etel. dilated the plastic group to 
17 mm, using conscious sedation. As in the present study, 
there was no evidence of a difference in the rate of 
complications, hospital mortality or 30-day mortality. 
Thus, it may be that the differences in morbidity and 
procedural mortality observed in other studies are related to 
the method of insertion of the plastic endoprosthesis. 

The mortality rate at | month was high in both groups, 
with one in five patients dving by day 30, although this is 
similar to other reported rates*’“°. Review of these patients 
found no evidence to suggest that death was associated with 
procedural complications. The mortality rate probably 
reflects the advanced state of disease in these patients; nine 
of 25 patients who received a plastic endoprosthesis and 16 
of those who had a metallic stent had metastatic spread. 

‘This study also observed a trend towards significance in 
favour of metallic stents for two important outcome 
measures: quality of life and survival. Quality of life has 
been assessed in only one other randomized controlled trial, 
in which there was no d:tference in either quality of life or 
enjoyment of food between the metallic and plastic groups’. 
However, the instruments used were not specific to 
oesophageal cancer. The present study used the EORTC 
QLQ-C30, a multidimensional cancer-specific measure of 
quality of life and included an oesophageal cancer-specific 
component ®™!', allowing quality of life to be measured over 
26 components relating to cancer in general and oesopha- 
geal cancer in particular. Although none reached statistical 
significance, 21 of the 26 components measured trended 
towards the metal group, five were neutral and none 
favoured plastic prostheses. Oesophageal cancer is a disease 
with a poor prognosis, and improvements in quality of life 
represent an important outcome. A larger trial of approxi- 
mately 300 patients would, however, be required to 
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demonstrate whether the emerging pattern ın favour of 
metallic stents is genuine. 

Median survival was greater in the metallic group (but not 
significantly), even though there were more patients with 
metastatic disease in the metallic group. Only one other 
randomized controlled trial has demonstrated a survival 
trend in favour of metallic stents over plastic endoprosth- 
eses°, which was attributed to better dysphagia scores and 
nutritional status with improved maintenance of body- 
weight. The reason for the increased survival in the present 
study is not clear. Weight was not recorded and there was no 
significant difference in dysphagia scores, although the 
trend at 2 months was in favour of improved dysphagia in 
patients with metallic stents. The contribution of food 
impaction, which was restricted to the plastic group, may be 
relevant to this finding. In addition, several quality of life 
components likely to be associated with enjoyment of food 
also tended to favour metallic stents, including nausea and 
vomiting, problems with eating, dysphagia, deglutition and 
dry mouth. Finally, the increased diameter achieved by 
metallic stents without the risks of dilatation associated with 
plastic endoprostheses may also be important. 

Metallic stents were initially more expensive than plastic 
endoprostheses. There was no difference, however, in the 
cost of later reinterventions between the two groups and the 
cost difference between the groups became non-significant 
4 weeks after placement. As patients who received metallic 
stents survived longer, the mean cost per day survived was 
the same in both groups. 

While the study was successful in its original aim of 
obtaining data to inform a larger study evaluating the 
effectiveness of metallic stents, ıt has been overtaken by 
events within the health service. A recent audit in Scotland 
of palliative treatments for oesophageal cancer showed that 
metallic stents are now the commonest type of palliative 
treatment, currently used in 40 per cent of patients. This 
situation of clinical practice overtaking research evidence is 
not unique’’. However, rigorous evaluation of the effec- 
tiveness of new treatments and procedures requires time. In 
this case, a relatively small trial recruiting 50 patients took 
5 years, from the initial design of the trial to the final 
reporting. As the requirement for good clinical practice to 
be based on evidence grows, the real issne of the time 
required to produce that evidence must be acknowledged. 

In conclusion, this study found no significant difference 
in procedure-related complications or mortality, or in 30- 
day mortality rates between patients palliated with a plastic 
endoprosthesis or a self-expanding metallic stent. ‘There 
was a trend towards significance in favour of metallic stents 
for quality of life and survival. Although there is no clear 
explanation for the possible survival benefit of metallic 
stents, it may be related to the lack of food impaction in the 
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metallic stent group and to a greater enjoyment of food, as 
suggested by the quality of life scores. Although the cost of 
initial placement was higher in the metallic stent group, this 
cost difference did not last beyond 4 weeks. A multicentre 
randomized trial of approximately 300 patients is sull 
urgently required to determine the clinical and cost 
effectiveness of the use of metallic stents in the palliation 
of oesophageal cancer. 
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penetrating colonic injury precludes primary repair 
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Background: There is often a delay of more than 12 h in transferring patients with penetrating colonic 
injury from outlying hospitals to a regional referral centre. The aim of this prospective study was to 
determine whether primary suture of a penetrating colonic injury in the presence of delayed 
presentation, shock, peritoneal contamination or associated injuries leads to increased morbidity and 
mortality rates. 

Methods: Patients with penetrating colonic injuries were randomized to primary closure or colostomy. 
Patients were compared with regard to interval from injury to operation, associated injuries, duration of 
operation, postoperative complications and hospital stay. 

Results: Two hundred and forty patients were seen over a 69-month period. The interval from injury to 
operation ranged from 3 to 56h, and was similar in the two treatment groups. Postoperative 
complications were similar in the two groups but there were significant differences in operation time 
(mean(s.d.) 127-1(45-8) min for primary repair and 142-3(43-0) min for colostomy; P = 0-009) and length 


of hospital stay (mean (range) 9 (6-56) versus 26 (13-64) days respectively; P < 0-001). 
Conclusion: Delay from time of penetrating colonic injury is not a contraindication to primary repair. 


Paper accepted 10 April 2002 


introduction 


Although controversies regarding the management of 
penetrating colonic injury in civilian practice are largely 
resolved, there are still questions about whether primary 
closure of such injuries in the presence of delayed 
presentation, shock, associated injuries or peritoneal con- 
tamination leads to increased morbidity and mortality rates. 

Penetrating colonic injury has in the past been treated by 
initial colostomy and later elective closure. Recently 
primary colonic repair has emerged as the treatment of 
choice’. Primary colonic repair avoids the need for a 
second operation to close the colostomy, and results in a 
shorter operation time and overall hospital stay'*°. 
Colostomy, on the other hand, may be associated with 
complications related to the stoma, increased costs and the 
morbidity of waiting for closure t ®9, 

Intraoperative prograde colonic lavage confers no 
significant advantage in the management of penetrating 
colonic injury''. Exteriorized repair has also been shown to 
be associated with adverse outcomes!”"* 
the results of primary suturing are so superior that 


. In many centres 
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colostomy has become obsolete in the treatment of these 
injuries 0, 

The Medical University of Southern Africa 
(MEDUNSA)/Ga-Rankuwa is a university teaching hospi- 
tal that serves the surrounding periurban communities in 
addition to being a referral centre for the Northern 
Province and parts of the Northwest and Mpumalanga 
Provinces of South Africa. Some of the outlying referring 
hospitals are more than 500 km away and a significant 
proportion of patients with trauma who are referred to 
MEDUNSA/Ga-Rankuwa Hospital have a preoperative 
injury period of greater than 12 h. This study was under- 
taken to determine whether primary repair of penetrating 
colonic injuries, as an alternative to colostomy, can safely be 
performed in conditions of delayed presentation, shock, 
faecal contamination or associated intra-abdominal injury 
without increasing morbidity and mortality rates. 


Patients and methods 


This prospective randomized study started in January 1993 
and ended in September 1998. Randomization lists were 
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prepared and tested for randomness in batches of 60 
patients each. The study was concluded at the end of the 
fourth batch when the numbers were considered adequate 
for statistical analysis. During this period, patients who 
presented to MEDUNSA/Ga-Rankuwa Hospital with 
penetrating colon injuries were randomized to either 
primary repair or colostomy. Informed consent was 
obtained from all patients with signs of peritoneal irritation 
before they were subjected to laparotomy. All patients were 
resuscitated and optimized for surgery according to 
Advanced Trauma Life Support guidelines, with crystal- 
loids and blood transfusion where necessary. Shock was 
defined as a systolic blood pressure of 80 mmHg or less. 
The time from injury to operation and time taken to 
perform the procedure were recorded. All patients received 
prophylactic antibiotics (cefuroxime or piperacillin) at the 
time of induction of anaesthesia. The majority (90 per cent) 
of operations were performed by senior registrars. 
Permission to conduct the study was obtained from the 
Human Ethics Committee of MEDUNSA. 

The two groups were compared with respect to 
complications (anastomotic leak, abscess formation, 
wound sepsis, trajectory path sepsis, enterocutaneous 
fistula, drain site sepsis), death, associated injuries, shock, 
duration of operation, preoperative injury period and 
hospital stay. Patients were monitored for postoperative 
complication by daily examination to detect pyrexia, 
abdominal tenderness, distension and ileus, and also by 
laboratory investigations. Patients who had primary colonic 
repair had pencil drains placed near the anastomosis. 
Patients with signs suggestive of intra-abdominal sepsis 
underwent ultrasonography and, where indicated, abdom- 
inal computed tomography with intravenous contrast. 

Associated injuries were scored according to the 
Penetrating Abdominal Trauma Index (PATT and Injury 
Severity Score USS). Only the most severely injured organ 
was scored in patients in whom more than one organ was 
involved. 

The data were analysed at the Medical Research Council 
of South Africa in Pretoria. Fisher’s exact test was used. 
P = 0-05 was considered significant. Statistical regression 
analysis was used to calculate adjusted odds ratios (OR) and 
95 per cent confidence intervals for developing sepsis and 
prolonged hospital stay for each treatment category and 
overall for each risk factor (type of surgical treatment, 
gender, shock, preoperative injury period, blood transfu- 
sion, mechanism of injury and associated injuries). 


Results 


Two hundred and forty patients with intraperitoneal 
penetrating colonic injuries were included in the study. 
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No. of patients 





Age (years) 


Fig. 1 Age distribution of patients 


Patients with extraperitoneal rectal injuries were excluded 
as they all underwent colostomy. There were 215 (89-6 per 
cent) males and 25 (10-4 per cent) females whose age ranged 
from 12 to 67 (mean 30) years (Fig. 1). The majority of 
injuries (191; 79-6 per cent) were low-energy transfer 
gunshot wounds and the remaining 49 (20.4 per cent) were 
stab wounds. Time from injury to operation ranged from 3 
to 56h. 

Two groups of patients were defined according to the 
delay from time of injury to operation; the delay was 
between 0 and 12 hin group 1 and more than 12 hin group 
2. Postoperative complications (septic, pulmonary, wound 
dehiscence, anastomotic leak, enterocutaneous fistula), 
death, gender, age, mechanism of injury, shock, blood 
transfusion, site of colonic injury, mean injury score (PATI + 
ISS), operation time, hospital stay and type of surgical 
treatment in the two groups are shown in Table 1. 

Details of the associated injuries are shown in Table 2. 
The PATI and ISS score was calculated for each pre- 
operative injury group. There were no significant differ- 
ences between preoperative injury and treatment groups 
(Table 1). Two patients (0-8 per cent) who had a colostomy 
died from multiple organ failure at day 12 and day 16 after 
laparotomy. Both had severe associated injuries and died 
from causes unrelated to the procedure performed. 

Thirty patients (12-5 per cent) were clinically shocked at 
the time of presentation. There was no significant 
difference in the incidence of shock between the preopera- 
tive groups (Table 1) and between colostomy and primary 
repair groups (Table 3). A total of 92 patients (38-3 per cent) 
required blood transfusion median 3 (range 2-6) units. 
These were evenly distributed between the primary repair 
and colostomy groups (Table 3). 

Sepsis included wound, drain site and trajectory path 
sepsis. One patient with a colostomy had an abscess in the 
stab wound. Septic complications occurred in 53 patients 
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Table 1 Distribution of patients related to time of presentation and treatment type 





Unless otherwise indicated values in parentheses are percentages; “values are mean(s.d.). *Penetrating Abdominal Trauma Index plus Injury Severity Score 


(22-1 per cent); there was no significant difference in their 
distribution between patients who had primary closure (31 
patients; 25-8 per cent) or colostomy (22 patients; 18-3 per 
cent) (Table 1). The majority of these septic episodes were 
due to wound sepsis (primary repair 25 (20-8 per cent) and 
colostomy 17 (14-2 per cent)). 

Three patients required colonic resection; two had right 
hemicolectomy with ileotransverse anastomosis and the 
third underwent resection of the transverse colon with 
colostomy. All recovered without complication. Three 
patients (1-3 per cent) who had primary closure had an 
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anastomotic leak; two leaks presented clinically and one was 
discovered at repair of a dehisced abdominal incision 
wound, 

All patients who had an anastomotic leak or postoperative 
wound dehiscence and two patients who had an enterocu- 
taneous fistula required reoperation. The fistulas required 
reintervention after conservative methods had failed. 
Eleven of the 42 septic wounds required secondary sutur- 
ing after sepsis control. The decision and timing of 
reintervention depended on the surgeon in charge of the 
patient. 
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Table 2 Details of associated injuries 





9 
0 
3 
3 
0 
3 


Values in parentheses are percentages. *Fractures, chest, neurovascular 
and external genitalia 


There was a significant difference in overall duration of 
hospital stay between the primary repair and colostomy 
groups (mean (range) 9 (6-56) versus 26 (13-64) days 
respectively; P < 0-001). These data included admission 
for the imtial operation and that for closure of the 
colostomy. Colostomy procedures took longer than pri- 
mary repair procedures (mean(s.d.) (range) 127-1(45-8) (60- 
225) min for primary repair and 142-3(43-0) (68-270) min 
for colostomy; P = 0-009). 

Table 4 shows adjusted ORs for developing sepsis and 
prolonged hospital stay for each treatment category and 
overall for each risk factor indicated. For sepsis, there was a 
marked difference in adjusted OR between primary closure 
and colostomy for the risk factors mechanism of injury and 
associated injuries. There was marked difference in dura- 
tion of hospital stay for the risk factors shock, blood 
transfusion, mechanism of injury, associated injuries and 
type of surgical treatment. 


Discussion 


Traditionally, delayed treatment of colonic injuries has 
been considered to predispose to postoperative morbidity. 
Some investigators have suggested a cut-off time of 12 h 
after injury beyond which primary repair cannot be 
performed safely’. Others have also recommended colost- 
omy for patients who are shocked at presentation or who 
have multiple associated injuries’ "7". 

In this study, the postoperative morbidity was similar 
after primary repair and colostomy, and in patients with a 
preoperative injury period of less than 12 hand those witha 
longer interval between injury and operation. There was no 
difference in postoperative complication rate after primary 
repair and colostomy in patients who were shocked, 
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Tabie 3 Comparison between primary repair and colostomy 
groups regarding complications and haspital stay 


0:21 
0:23 
1-00 
1-006 
0:50 
1-00 
0-25 
1-00 
< 0-004 





Values in parentheses are percentages. “Acquired respiratory distress 
syndrome 


required blood transfusion and had associated injuries. 
Patients with a colostomy had a longer hospital stay because 
of the need to learn stoma care. 

A few drain sites became infected and two of three 
anastomotic leaks were demonstrated by discharge through 
these drains. It is not absolutely necessary to leave a drain 
near the repair/anastomotic site’. Sepsis in the bullet 
trajectory path was in the exit rather than the entrance path 
and more so in those who presented late. It is recommended 
that the exit path be debrided thoroughly and washed 
clean’’. All incision wounds were closed primarily. To 
reduce the risk of wound infection, some investigators have 
suggested that the skin should be left open rather than 
closed primarily in patients with gross contamination and a 
high colon injury scale**. In the current study it was difficult 
to quantify contamination and as such it was not possible to 
include this variable in analysis of the data. Intra-abdominal 
soiling should not be a contraindication to primary repair 
with effective antibiotic treatment”. 

The majority of the patients who had primary closure had 
a single follow-up visit to the hospital after discharge, 
whereas those with a colostomy had several follow-up visits 
between the initial laparotomy and closure of the colost- 
omy, and after colostomy closure. 

‘There was a total of 15 complications related to the 
management of colonic perforation (6-3 per cent). There 
was no significant difference in the incidence between 
colostomy and primary repair groups. Two patients 
required resection with primary anastomosis. Both pre- 
sented late (after 12h) and recovered without any 
complications. In the American Association for the 
Surgery of Trauma prospective multicentre study of 
penetrating colonic injuries requiring resection, 
Demetriades et a/.°° found that the method of management 
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Table 4 Risk of sepsis and prolonged hospital stay 








Values in parentheses are “percentages or t95 per cent confidence intervals. {More than 15 days. OR, odds ratio. §Penetrating Abdominal Trauma 


Index plus Injury Severity Score 


of the colonic pertoration (primary repair versus colostomy) 
did not influence the incidence of complications related to 
the colon. The authors concluded that such injuries should 
be managed by primary repair’®. 

This study has demonstrated that primary repair of 
civilian penetrating injury of the colon is safe irrespective of 
the delay in presentation, shock, blood transfusion, intra- 
abdominal soiling and associated injuries. The postopera- 
tive morbidity and mortality rates are comparable to those 
of colostomy, but primary repair has the added advantages 
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of a shorter operation time, shorter hospital stay, reduced 
costs and better quality of life. Primary repair should be the 
procedure of choice for penetrating colon injuries in such 
patients. 
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Background: Patients with hepatic metastases are potentially curable if all the diseased tissue can be 
resected. Unfortunately, only 10-20 per cent of patients are suitable for curative resection. Electrolysis 
is a novel non-thermal method of tissue ablation. When used in conjunction with surgery it may 
increase the number of resectable liver tumours with curative treatment. 

Methode: All patients had been deemed inoperable using currently accepted criteria. Nine patients with 
hepatic deposits from colorectal carcinoma underwent combined surgical resection and electrolytic 
ablation of metastases. 

Results: The treatment was associated with minimal morbidity. Within the electrolytically treated area 
seven patients had no radiological evidence of recurrence at a median follow-up of 9 (range 6- 
43) months; local recurrence was detected in two patients. Six of the nine patients hed metastases 
elsewhere in the liver with four having extrahepatic metastases. Three patients remain tumour free. 
Three patients died. The median survival was 17 (range 9-24) months from the time of treatment. 
Discussion Electrolysis with resection may confer a disease-free and overall survival benefit. The small 


size of this initial study precludes statistical analysis, but preliminary results are encouraging. 
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Introduction 


Colorectal carcinoma is the third most common malig- 
nancy and the most common source of liver metastases, with 
the liver being the earliest and often the only site of 
metastatic disease’. These patients are potentially curable if 
all diseased tissue can be removed”, but have a poor 
prognosis (measured in months) if this is not feasible*. The 
size, number or position of the metastatic lesions allows 
only 10-20 per cent of patients to be eligible for a formal 
resection’. 

Several ablative techniques have been investigated as 
alternatives to surgical resection for the treatment of 
colorectal metastases**°. Electrolysis is a novel non-thermal 
method of tissue ablation’. A direct current is passed 
through a conductive medium between a pair of electrodes 
(cathode and anode). The electrolytic ‘dose’ is measured in 
coulombs (amperes X seconds). Tissue electrolysis pro- 
duces sodium hydroxide and hydrogen at the cathode, and 
hydrochloric acid and chlorine gas at the anode®?. The 


significant pH changes produced by electrolysis are 
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cytotoxic and cause localized parenchymal! necrosis with a 
negligible thermal effect’. 

Over the past few years electrolysis of liver tumours has 
been investigated extensively at this institution’’°'*. Not 
only has the process been shown to ablate liver tumours 
completely in experimental models'*""*, but it is also safe in 
terms of both its inherent tissue destruction and the inability 
to thrombose or damage large blood vessels in close 
proximity to the electrolytic lesion’’. A pilot study was 
performed in five patients before tissue resection to 
determine whether this method could be used safely. No 
adverse effects resulted from the treatment (D. Berry, 
S. Wemyss-Holden, G. J. Madden, A. Dennison, unpub- 
lished results). Nine patients were then subjected to a formal 
liver resection, with electrolytic ablation of metastases that 
would have deemed the cancer irresectable using currently 
accepted criteria. 


Patients and methods 


The records of nine patients with a histologically confirmed 
diagnosis of secondary liver metastases from colorectal 
carcinoma between the dates of April 1997 to May 2000 
were reviewed. The median age was 57 (range 44-66) years. 
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Conventional surgical treatment was not possible because 
of the multiplicity of tumours, proximity to major vessels or 
distribution of metastases, or a combination of these factors. 
Patients were excluded from the study if they were ineligible 
tor laparotomy, or had extrahepatic disease or multifocal 
liver metastases such that resection and ablation would 
compromise liver function. All patients included in the 
study had previously undergone resection of a primary 
colorectal tumour. Four patients had previously undergone 
hepatic resection and presented with irresectable hepatic 
recurrence over a period of 37 months (August 1997 to 
September 2000). One patient had undergone previous 
hepatic resection and was receiving electrolysis alone for a 
single irresectable metastatic deposit. 

The patients underwent formal resection of hepatic 
metastases, followed by electrolytic ablation of metastases 
that could not be resected surgically. Ethics committee 
approval was obtained before any of the patients was 
treated. Before electrolysis, all patients were fully informed 
about the experimental nature of the study. 

Two 6-Fr electrolysis catheters (Cordis Webster, 
Johnson and Johnson Medical, North Ryde, New South 
Wales, Australia) were inserted into the tumour, 9-24 mm 
apart, depending on the size of the tumour. Electrode 
positioning was confirmed ultrasonographically. The 
atheters were attached to a direct current generator 
(Medizintechnic, Soring, Quickborn, Germany), and a 
predetermined ‘dose’ was delivered at a constant current, 
calculated for the desired volume of necrosis. Tumour 
dimensions and position were determined using previous 
computed tomography (CT) scans and confirmed by 
intraoperative ultrasonography. The volume of each lesion 


was calculated using the formula V = 4/327, Xr X 73). A 


)-mm margin of normal parenchyma surrounding the 
tumour was also ablated. Previous experimental studies had 
shown a linear dose-response of 3-5 cm’ per 100 coulombs 
(©. Tumour radius ranged trom 5 to 30 mm. The ‘dose’ 
varied from 200 to 1000 C according to the calculated 
volume. The length of time taken for electrolysis ranged 
from 42 to 210 min. Platinum was chosen as the electrode 
material because of its inert nature, and theoretical 
antineoplastic properties’ ”. 

White cell count and liver function tests were carried out 
before and after treatment. Carcinoembryonic antigen 
(CEA) levels were monitored after operation to assist in 
determining any tumour recurrence. 

CT scans were reviewed retrospectively by a radiologist, 
who was blinded to treatment details for each patient. The 
radiologist interpreted and compared CT findings before 
electrolysis with those obtained at 1 week, 3, 6 and 
9 months, and annually after electrolysis to determine the 
effectiveness of treatment. The electrolytic lesion was 
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evaluated for size, shape and location following electrolysis 
as well as for evidence of recurrence. Successful treatment 
was associated with no tumour recurrence within the 
electrolytically treated lesion, while failure of electrolytic 
treatment was associated with recurrence within the treated 
area. Recurrence elsewhere was considered to be due to the 
natural course of the metastatic disease and not a failure of 
treatment. 


Results 


Of the nine patients treated, six are still alive. The 
procedures were performed with a median hospital stay of 
9 days. Median follow-up was 9 (range 6-43) months. In 
two patients who had electrolysis of lesions lying adjacent to 
the inferior vena cava, there was no damage to the vascular 
structure. 

Seven of the nine patients with hepatic metastases from 
colorectal carcinoma showed no evidence of radiological 
recurrence within the electrolytically treated lesion in the 
follow-up period. In each of these patients, electrolytic 
treatment was deemed successful. Recurrence within the 
electrolytically treated area occurred in two patients. 

Six of the nine patients experienced hepatic recurrence of 
tumour outside the electrolytically treated area, which was 
not related to the previously treated area. There was no 
evidence of recurrence around the position of the electrodes 
due to seeding in any patient. Four patients had extrahepatic 
disease that was histologically confirmed to resemble 
adenocarcinoma, consistent with metastasis from the 
primary colorectal carcinoma. 

CEA levels were increased after operation in four of the 
seven patients who had tumour recurrence. One patient. 
who experienced shrinkage of the treated tumour and no 
recurrence, had reduced CEA levels after operation. Liver 
enzyme levels and white cell counts were raised in the early 
postoperative period, but returned to normal within 
3 months of treatment. No major complications occurred 
either during or after treatment. 

All patients received chemotherapy before or after 
treatment. 


Discussion 


In recent years there has been an increasing interest in the 
use of ablative techniques for treating previously irresect- 
able disease” !®'’. These techniques have the advanta ge of 
preserving more liver parenchyma, and are associated with 
fewer complications than resection®. The use of ablation as 
an adjunct to surgical resection is not yet established. 
Electrolytic ablation of liver tumours has previously been 
described in China*”*!, with promising results. It is a non- 
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thermal technique, and therefore not limited by the ‘heat 


sink’ eftect of nearby vessels . It is also sate in terms of its 


inherent tissue destruction and inability to thrombose or 


breach large blood vessels in close proximity to the site of 


electrolysis'*. Electrolysis is also predictable, with the 
volume of the lesion created being proportional to the 
electrolytic ‘dose’ (in coulombs) administered’. Currently, 
a limitation of the technique is that it is time consuming, 
with an increase in tumour size necessitating an exponential 
increase in treatment time. At present it is limited to lesions 
of less than 5 cm in diameter and requires a laparotomy. 
However, further development of appropriate electrode 
delivery systems may result in the treatment being 
administered percutaneously. 

CT has been used in this study for follow-up evaluation as 
it has been proven to be sensitive in characterizing hepatic 
lesions” 
the tumour is ablated to prevent residual viable tumour cells 
persisting at the margin and leading to recurrence. An initial 
increase in size of created lesions in the first week after 
operation is expected on the CT scan as this represents 
ablation of a margin of normal tissue (Figs 1 and 2). A 
decline in lesion size after the first week reflects successful 
treatment, while an increase in size suggests failure-’ 
Conservative electrolytic treatment in the early stages of the 
trial may have resulted in undertreatment of tumours, 
allowing residual viable tumour cells to persist within the 
lesions, causing recurrence. With greater experience more 
accurate ‘doses’ of current were delivered, based on tumour 
geometry. 

Necrosis in the electrolytically treated area appears 


hyp dense on ( ae, 





Fig. 1 Computed tomogram of a lesion before treatment 
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.Asmall margin of normal tissue at the periphery of 


Fibrosis within the treated area of 


some patients is evidence of shrinkage of the electrolytically 
treated area from a fluid-filled necrotic zone to a smaller 
fibri sed area (Fig, >). Areas ot fibrosis appear enhanced On 
contrast CT. Magnetic resonance imaging may be useful in 
evaluating these patients and a study to investigate this has 
been initiated. 

The increase in liver enzyme levels after electrolysis was 
transient and short-lived. In most patients enzyme levels 


had returned to normal within 3 months of treatment. 





Fig. 2 Computed tomogram of the electrolytically treated lesion 
in the same patient | week after operation, showing ablation of a 


margin of surrounding normal tissue 





Fig. 3 Computed tomogram of the electrolytically treated lesion 
in the same patient 3 months after electrolysis, showing fibrosis 


and shrinkage of the treated area 


www.bis.co.uk British Journal! of Surgery 2002, 89, 999-1002 


1002 Electrolysis as an adjunct to liver resection • B. G. Fosh, J. G. Finch, 


In patients with colorectal hepatic metastases CEA is a 
serum tumour marker that can be useful in detecting 
tumour recurrence. CEA is not associated specifically with 
colorectal carcinoma but may be raised in up to 70 per cent 
of patients affected*’. Four patients had a significantly 
increased CEA level after electrolysis, consistent with the 
tumour recurrence noted. One patient in whom treatment 
was effective had a reduced CEA level following electro- 
lysis. 

‘There was no detectable additional morbidity associated 
with the electrolytic treatment when used as an adjunct to 
surgical resection. The lack of major complications 
associated with electrolysis suggests that it is safe as a 
method of local ablation. 

The median survival from the time of the procedure was 
17 (range 9--24) months. This result should be interpreted 
in the context of the natural history of untreated colorectal 
liver metastases, for which untreated median survival is of 
the order of 3-6 months®***?. The increased survival time 
in this group of patients receiving electrolysis with resection 
may have an overall survival benefit. The small size of this 
initial study precludes statistical analysis of the results. The 
use of electrolysis in the ablation of liver tumours requires 
further long-term studies and evaluation; however, pre- 
liminary results are encouraging. 
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Background: Microwave coagulation therapy is useful in the destruction of small, irresectable liver 
tumours of primary and secondary origin. Unfortunately, the small lesion size produced by currently 
available equipment makes it difficult and time consuming completely to ablate lesions larger than 3 cm 
in diameter. A microwave system capable of producing large-volume ablations in very short periods of 
time has been developed. Using a large-animal model the ability of the equipment to produce large- 
volume lesions in a safe, predictable and dose-dependent manner was tested. 

Methods: Fourteen large white pigs were anaesthetized and underwent multiple microwave treatments. 
The animals were killed at different timepoints to investigate lesion size and evolution. 

Results: The microwave system was able to generate large-volume ablations of up to 6-5 cm in diameter 
in a controlled and dose-dependent manner. 

Conclusion: This novel microwave system allows the ablation of large volumes of liver tissue in a short 
period of time. The ability to produce lesions reproducibly and safely highlights the potential of this 
system in the future treatment of irresectable liver tumours. 
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introduction 


Microwave coagulation therapy is one of a number of 
ablative therapies being developed to treat patients with 
irresectable liver cancers’. Destruction of neoplastic cells is 
induced by local thermal energy generated by a controlled 
microwave field. Previous investigations have demonstrated 
the ability of this treatment to cause tumour cell death in 
both animal models and humans’ *. Currently available 
microwave equipment is able to create an ablated lesion of 
approximately 2 cm in diameter’. Hepatic malignancies 
2 cm or greater in diameter require multiple, overlapping 
insertions of the microwave applicator (probe) to achieve 
complete tumour ablation. All ablative treatments have 
limited ablation volumes, and higher rates of tumour 
recurrence are seen following treatment of larger 
tumours”. 

The University of Bath Medical Device Technology 
Group (UBMDTG) in association with Leicester Royal 
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Infirmary has produced a new generation of microwave 
ablation technology. The objectives of this experiment were 
threefold: first, to test the ability of the microwave 
equipment to produce areas of ablation in normal porcine 
liver in a reproducible manner; second, to investigate lesion 
evolution and produce a dose-response curve; and, finally, 
to investigate the tolerance and safety of such a procedure in 
a porcine model. Porcine livers were chosen because they 
are similar to human liver in terms of both size and 
physiology’. 


Materials and methods 


All animal experimentation was conducted in accordance 
with the Operation of Animals (Scientific Procedures) Act 
1986 after authorization from the University of Leicester 
Ethical Committee and the Home Office. Fourteen large 
white, female pigs (body-weight 45-50 kg) were anaesthe- 
tized and underwent insertion of a tunnelled central venous 
catheter, allowing easy administration of fluids and 
analgesics. 
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Each animal underwent a laparotomy to allow good 
exposure of the liver. The UBMDTG microwave applicator 
was then inserted into the hepatic parenchyma and a 3-min 
treatment was applied. To reproduce the conditions in 
which it is believed the microwave will be used and to assist 
in the production of a dose-response curve, pigs underwent 
multiple treatments which in some cases included resection 
ofa liver lobe. The range of powers selected included 36, 50, 
100, 150 and 200 W, with each pig receiving a combination 
of treatments. Adjacent liver lobes, viscera and other organs 
were protected by placement of moist surgical packs. A 
microwave detector was used in all operations to ensure that 
personnel present did not receive microwave dosages in 
excess of European Economic Community regulations. 

The microwave system used included a generator 
(ETM 200 SC ‘Travelling Wave Tube Amplifier; ETM 
Electromagnetic, Newark, California, USA) driven by a 
Hewlett Packard 8350B Sweep Oscillator (Agilent 
Technologies UK, Wokingham, UK) that produced 
microwaves at a frequency of 2-45 GHz with variable 
power available from 0 to 250 W. Microwaves were 
transmitted along a cable to the hand-held applicator. 

Following microwave ablation treatment, the abdominal 
wall was closed and the skin sutured. Local anaesthetic was 
injected into the wound and long-acting opiates were 
administered intravenously for at least 3 days. Blood 
samples were taken from the central venous catheter for 
the first week. 

Lesion evolution was examined over time; animals were 
killed at increasing intervals from 0 h to 60 days. Lesion 
diameters were recorded using callipers; blanched regions 
were considered to represent the margins of ablation. Liver 
containing the lesion was sectioned and placed in 10 per 
cent formalin solution for subsequent histological exam- 
ination. 


Statistical analysis 


A general linear model analysis of variance was used to 
compare lesion diameters at different timepoints and power 
levels, followed by Tukey’s test to compare lesion diameters 
at different timepoints corrected for power levels. Linear 
and quadratic regression analysis was used to predict lesion 
diameter for any given power level. Ninety per cent 
prediction bands were used so that, using the prediction 
band, there would be a 95 per cent probability that the lesion 
diameter in an individual would exceed a specified diameter 
for any given power level. A significance level of P = 0-05 
was used. All calculations were performed using the 
MINITAB statistical package (Minitab, State College, 
Pennsylvania, USA). 


Briush Journal of Surgery 2002, 89, 1003-1007 www.bjs.co.uk 


Results 


The UBMDTG microwave equipment was able to produce 
large-volume ablations in each liver. No bleeding was 
evident from the applicator cavity and the inner region of 
the lesion appeared desiccated. The majority of lesions 
produced were spherical and therefore circular on section- 
ing. At all timepoints, the liver adjacent to the lesions was 
macroscopically and microscopically normal. 

The characteristics and sizes of the lesions changed over 
the course of the experiment. Immediately following 
treatment, a spherical volume of ablation was produced. 
On sectioning, a central blanched region with a surround- 
ing zone, possibly haemorrhagic in nature, was seen. Within 
the blanched region, small areas of cavitation were noted, 
being especially numerous nearer the centre of the lesion. 
‘These were interpreted as a consequence of steam or bubble 
formation. Microscopy revealed damaged hepatocytes 
within the blanched region, particularly towards the lesion 
centre. The surrounding darker halo revealed an abundance 
of erythrocytes although the hepatocytes showed no signs of 
heat damage. Lesion diameters varied according to the 
power applied; larger diameters were produced by treat- 
ments using higher powers. The mean lesion diameter for 
each power at each time interval investigated is shown 
graphically (Fig. 1). After 24 h, the periphery of most 
lesions was well demarcated from the surrounding hepatic 
tissue. There was no significant difference between lesion 
diameters at 0 h, 24 h, 7 days or 30 days (P > 0-05), which 
were a mean(s.e.m.) of 4-0(0-2), 3-9(0-2), 4-4(0-2) and 
3-5(0-3) cm respectively (corrected for dose level), but 
there was a significant decrease in diameter to 1-7(0-2) cmat 
60 days using Tukey’s post hoc comparisons (P < 0-05). At 
24 h the blanched area extended into the area previously 
occupied by the darker halo (Fig. 2), and this was confirmed 
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Fig. 1 Mean minimum lesion diameter with time 
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Fig. 2 Lesion created by 150-W microwave sectioned after 24 h. 
The slightly eccentric extension of the lesion from an otherwise 
circular shape can be seen in the portion of the liver most distal 
to the vascular supply 


microscopically. In a number of cases, the extension of the 
lesion was not entirely uniform; the greatest increases were 
into the areas of hepatic parenchyma distal to the vascular 
supply. The material within the lesion confines was not 
identifiable as normal liver parenchyma and had become a 
mass of paler, amorphous tissue. 

After 1 week, the ablated volumes were well demarcated 
from the surrounding tissue and the lesion was surrounded 
by a thin lighter-coloured rim. Microscopy revealed 
necrotic cells within the lesion, the limit of which was 
defined by the presence of a fibrous capsule corresponding 
to the lighter-coloured rim seen macroscopically (Fig. 3). 

After 30 and 60 days the macroscopic and microscopic 
appearance of each lesion had not altered from that seen at 
1 week. By 60 days, however, the mean lesion diameter had 
decreased significantly to less than half the diameter seen at 
preceding intervals (P < 0-05). One 50-W lesion had 
decreased in size dramatically, leaving only an irregular 
scar. Because there were no significant differences in lesion 
diameters up to 30 days, all data (excluding diameters at 
60 days) were used for the dose-response analysis. 
Regression analysis showed a highly significant 
(P < 0-001) linear dose-response relationship over power 
settings from 36 to 200 W, with 77 per cent of the variation 
in lesion diameter being accounted for by variation in 
power. The middle (solid) line in Fig. 4 shows the estimated 
mean lesion diameter as a function of power. Fig. 4 also 
shows the prediction interval of individual lesions (broken 
line) at a given wattage following a 3-min treatment. For 
instance, a 3-min treatment with 150 W had a 95 per cent 
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Fig. 3 Section illustrating the sharply demarcated border 
between ablated, dead liver (right) and normal hepatic 
parenchyma (left). Between these two areas the fibrous capsule 
and a rim of darkly staining inflammatory cells are seen. 
(Haematoxylin and eosin stain, original magnification X 40) 
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Fig. 4 Regression of lesion minimum diameter on microwave 
power for all lesions up to and including 30 days after operation. 
The solid line represents the best estimate of mean diameter for 
a given power level. The dashed lines show the 90 per cent 
prediction interval for individual lesions; 95 per cent of lesions 
are expected to have diameters above the lower dashed line. The 
point at the 50-W power level with a lesion diameter of 1-5 cm 
was taken at 30 days and may be the result of shrinkage. 
(Diameter = 1-8 + 0-022power; S = 0-61; R? = 76 per cent; 
R*(adjusted) = 75 per cent) 


chance of producing a volume of ablation + cm in diameter, 
with a 5 per cent chance that the lesion size produced would 
be greater than 6 cm in diameter. 
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Animals tolerated the procedure well. No evidence of 
infection, haemorrhage or bile leaks was noted in any of the 
lesions. Most pigs were mobile and feeding within 6 h of the 
procedure, and none exhibited signs of a systemic inflam- 
matory response syndrome. All pigs scheduled to survive 
| week or longer gained weight and did not exhibit any signs 
of stress. No animal suffered microwave-related complica- 
tions. 


Discussion 


This study shows that the UBMDTG microwave equip- 
ment is able to produce large-volume ablations of hepatic 
parenchyma from 3 to over 6 cm in diameter very rapidly, 
i.e. within 3 min. Lesion production was controllable and 
predictable, and the majority of lesions were spherical. 
Lesion geometry mimicked the microwave field, which 
radiated in an almost spherical fashion. 

The new design of the applicator allowed increased 
penetration of the microwave field through the tissue 
throughout the treatment cycle. Increasing radiating 
efficiency resulted in a far greater proportion of the power 
being transmitted into the tissue rather than being 
dissipated in heating the applicator. This allowed the use 
of higher powers than has previously been possible with 
alternative microwave devices. Such devices are unable to 
utilize such high-power settings owing to reflection at the 
applicator—tissue interface during treatment’ ®. The com- 
bination of increased radiation efficiency and higher power 
resulted in the induction of large ablated volumes of hepatic 
parenchyma. 

Lesion size is determined by the radius from the 
applicator at which a cytotoxic temperature is reached. 
Since cytotoxicity is a function of time at temperature as 
well as the absolute temperature!”, lesion size is a function 
of time if all other variables are equal. However, if the 
temperature does not reach a certain critical level, cell death 
will not be achieved regardless of the exposure time. 
Currently no other ablative technique is able to deliver 
such large volumes of ablation in such a short time. Indeed, 
of the few ablative techniques that can produce such large 
ablation diameters with a single applicator insertion, the 
time required to do so is much greater and in some cases 
associated with significant morbidity t. 

The immediate findings of an inner blanched are: 
surrounded by an outer, darker rim are in accordance with 
previous macroscopic findings’’''*. This outer zone is a 
haemorrhagic region; the blanched zone and eventual lesion 
extend into this area. This lesion enlargement occurs as 
hepatocytes within this outer haemorrhagic zone experi- 
ence smaller thermal doses and undergo death more slowly. 
The combination of thermal stress in conjunction with 
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ischaemia from ruptured capillaries causes the cell death in 
this region seen at 24 h. Demarcation of the lesions was 
evident, especially from 24 h onwards, suggesting that there 
may be a definitive temperature at which irreparable 
hepatocyte damage occurs. 

At all timepoints the microwave equipment behaved in a 
predictable, dose-dependent manner. This is important as 
safe and predictable treatment of liver tumours requires 
knowledge of the degree of tissue destruction and healing 
that occurs following ablation. The line of best fit does not 
go through the origin (Fig. +) as there appears to be a non- 
linear relationship between lesion diameter and power at 
lower, and possibly higher, power levels. The dose- 
response curve does show some individual variation in 
diameter, although most of this is likely to be due to 
biological factors sach as blood flow and liver lobe size. 
Large-volume microwave ablation of liver parenchyma was 
not associated with significant morbidity or mortality in this 
model. In contrast to published experience with cryother- 
apy, no cracking or haemorrhage was noted either during or 
following the microwave procedure'®. As the microwave 
applicator is a single cylinder with no other moving parts, it 
does not require the placement of numerous energy sources 
or have the potential problems associated with retraction of 
multiple arrays! ™!’, 

This microwave equipment has the potential to alter 
treatment of patients with irresectable colorectal liver 
metastases or hepatocellular carcinomas. The current 
applicator is 6-8 mm in diameter, requiring placement at 
laparotomy, although a 5-mm flexible laparoscopic appli- 
cator has recently been developed. Work is in progress on a 
new 3-mm applicator suitable for percutaneous use, 
although this has required the use of alternative materials 
at the applicator tip. Computer models of its microwave 
field are being assessed. This may allow the treatment of 
high-risk patients by avoiding a laparotomy. 

This new microwave equipment works in a safe, dose- 
dependent and efficacious manner. This development 
represents a significant advance in microwave ablation 
technology and may have great potential in the treatment of 
irresectable liver tumours. 
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The surgeon as a prognostic factor after the introduction of 
total mesorectal excision in the treatment of rectal cancer 
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Background: With conventional blunt surgical resection of rectal cancer, local recurrence rates are high 
and the individual surgeon putatively influences patient outcome. With total mesorectal excision (TME) 
local recurrence rates have been reduced and intersurgeon variability may be less important. The ‘TME 
project’ was a collaborative project that included surgical workshops in Stockholm between 1994 and 
1997. The aim of this study was to assess the impact of the project on the practice of rectal cancer 
surgery in Stockholm and to analyse whether surgeon case volume and participation in the workshops 
influenced patient outcome. 

Methods: All 652 patients who had an abdominal resection for rectal cancer in Stockholm between 1995 
and 1997 were included. Outcome was compared in patients operated on by teams that included high- 
volume surgeons (more than 12 operations per year) with teams that included low-volume surgeons (12 
operations or fewer per year), as well as between teams that including workshop participants and non- 
participants. 

Results: Forty-six surgeons operated on the 652 patients. Five high-volume surgeons operated on 48 
per cent of the patients. In these, outcome was significantly better than in patients treated by low- 
volume surgeons (local recurrence rate 4 versus 10 per cent {P = 0-02); rate of rectal cancer death 11 
versus 18 per cent (P = 0-007)). Twenty-six surgeons were workshop participants and performed 93 per 
cent of the operations. Radiotherapy, TME and sphincter-preserving surgery were more common 
among patients treated by workshop participants. 

Conclusion: The TME project has had an impact on rectal cancer surgical practice in Stockholm. 
Variability in patient outcome was mainly related to case volume, with better results obtained in 


patients treated by high-volume surgeons. 


Paper accepted 9 April 2002 


introduction 


Rectal cancer surgery is technically difficult and outcome 
may be influenced by the individual surgeon as well as 
the entire team at the institution in which the patient is 
treated’~°. Conventional surgical techniques have usually 
been performed, using blunt dissection of the rectum and 
mesorectum with a high risk of tearing the mesorectum and 
presacral nerves. With this approach, the individual 
surgeon influences patient outcome in terms of post- 
operative morbidity and mortality, local recurrence rate 
and cancer-free survival’ *. Local recurrence rates after 
potentially curative surgery have varied between 5 and 40 
per cent in different reports +7. With the introduction of 
total mesorectal excision (TME) as a standardized, precise 
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surgical technique very low local recurrence rates have been 
reported by individual instirutions'?"'®, 

The TME teaching initiative in Stockholm, Sweden 
(the “PME project’), a collaborative project of surgical 
workshops, demonstrated that TME surgery improved 
treatment results in a defined population of 1.9 
million”. The local recurrence rate was significantly 
reduced and the cancer-specific survival was improved 
after the introduction of the TME concept to colorectal 
surgeons in Stockholm. In addition, the proportion of 
patients who underwent abdominoperineal resection was 
significantly reduced”. 

‘The aim of this study was to further assess the impact of 
the TME project on rectal cancer surgical practice in 
stockholm, in particular to analyse whether surgeon case 
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volume and surgeon participation in the workshops 
influenced patient outcome. 


Patients and methods 


Details on the TME project have been published pre- 
viously. In summary, three workshops were held at the 
Karolinska Hospital in Stockholm between 1994 and 1997. 
During 11 video-based live surgery sessions and two 
histopathology sessions, details of the TME technique 
and assessment of specimen circumferential margin 
involvement were demonstrated and discussed. Ample 
time was allocated for discussion around prerecorded 
videos that described details of the TME technique. The 
workshops specifically encouraged voluntary self-selection 
and specialization to meet the evident surgical challenge 
posed by the TME technique. 

In Sweden, the reporting of a new cancer case is 
compulsory for the treating physician and the responsible 
pathologist. In addition, since 1995, clinical data on all 
patients with rectal cancer treated in the Stockholm area 
(1-9 million inhabitants) have been reported prospectively 
to the Regional Oncologic Centre by the responsible 
surgeon and pathologist. The reports include details of 
patient characteristics, adjuvant treatment, type of surgery 
including whether TME was performed, postoperative 
morbidity and mortality, and follow-up data on local 
recurrence, distant metastases and cause of death. 

All patients who had an abdominal resection for rectal 
adenocarcinoma in Stockholm between 1995 and 1997 were 
included in the present study. The anastomotic leak rate, 
reoperations and postoperative mortality (within 30 days of 
surgery) were analysed in all patients. Other surgical 
complications were not analysed, as validated data were 
not available. The incidence of local recurrence and distant 
metastasis, as well as cancer-specific survival were analysed 
in patients operated with curative intent. Surgery was 
defined as curative if the surgeon reported a complete 
tumour resection, without distant metastases, and if the 
pathologist reported tumour-free margins of the specimen. 
Staging of the tumours was done according to the tumour 
node metastasis system. Local recurrence was defined as a 
recurrence within the pelvis, excluding metastases in the 
ovaries. Death in the presence of local recurrence, or distant 
spread before or at time of death, was regarded as a rectal 
cancer-specific death. Death with no evidence of recurrent 
disease was regarded as a non-rectal cancer death. 

To identify the individual surgeons performing the 
operations during the study period, operative notes on all 
patients were reviewed and each individual, board-certified 
surgeon participating at the operation was recorded. 
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Trainees participating under supervision were therefore 
excluded from the study. 

The number of operations performed by each surgeon 
was calculated by counting the number of patients in whose 
operation the surgeon had actively participated. One or two 
surgeons were recorded for each patient; if two board- 
certified surgeons participated at one operation, both were 
considered to have performed the operation and it was 
counted as one operation for each of them. To calculate the 
mean annual number of operations for each surgeon the 
total number of operations performed by that surgeon was 
divided by the number of years of the study during which he 
or she was active as an operating surgeon. A surgeon 
performing more than a mean of 12 rectal cancer operations 
annually was classified as a high-volume surgeon. A surgeon 
who performed on average 12 or fewer operations annually 
was classified as a low-volume surgeon. This categorization 
was made in accordance with Hermanek etal.!’, who 
estimated that a volume of between one and two rectal 
cancer operations per month was necessary to achieve 
favourable long-term results. 

The identified surgeons were matched against the 
participation lists from the workshops. A surgeon who 
had attended the workshops at least once was defined as a 
workshop participant. A surgeon who had not attended a 
workshop was defined as a workshop non-participant. 

Patients were classified according to whether they were 
operated on by a high-volume or low-volume surgeon. If 
one or both of the surgeons were high-volume surgeons the 
patient was classified as having had the operation done by a 
high-volume team. If none of the surgeons were high- 
volume surgeons the patient was considered to have had the 
operation done by a low-volume team. 

Each patient was also classified as having been operated 
on by a workshop participant or by a workshop non- 
participant. If one or both of the surgeons were workshop 
participants the patient was classified as having had the 
operation performed by a workshop participant team. If 
none of the surgeons were workshop participants the 
patient was considered to have had the operation performed 
by a workshop non-participant team. 

Follow-up data on all patients were available up to 
December 1999. Two patients were lost to follow-up owing 
to emigration. The median follow-up time was 41 (range 
24-59) months. 


Statistical analysis 

The total number of local recurrences and distant 
metastases were analysed. Patients were considered to be 
at risk of the studied event until death, emigration or to the 
end of follow-up (closing date 31 December 1999). 
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Comparisons of proportions were made using the X” test. 
The hazard rate ratios were analysed using Cox propor- 
tional hazards regression model. In multivariate analyses 
adjustment was made for age, sex, tumour stage, tumour 
level above the anus, radiotherapy and TME procedure. 
Comparisons of the hazard rates of local recurrence, distant 
metastases and rectal cancer death were made using the 
likelihood ratio test. 


Results 


A total of 652 patients with rectal cancer had an abdominal 
resection between 1995 and 1997. The patients were 
operated on by 46 surgeons. The total number of rectal 
cancer operations performed by each surgeon, alone or as 
one of two surgeons, varied between one and 143 during the 
study period. Twenty-four surgeons performed between 
one and 17 operations, 17 performed 20-36 operations and 
five performed 46-143 operations. The mean annual 
number of operations performed by each surgeon varied 
from one to 48. Forty-one low-volume surgeons performed 
12 or fewer operations per year (one or less per month) and 
five high-volume surgeons averaged more than 12 opera- 
tions per year (more than one per month). Twenty-six of the 
46 surgeons had participated in the TME workshops and 
were classified as workshop participants. 


Patient characteristics are shown in Table 1. Preoperative 
radiotherapy was given to 369 patients (57 per cent) and 450 
patients (69 per cent) had a sphincter-saving procedure. A 
TME procedure (defined as removal of the rectum with the 
entire mesorectum down to the pelvic floor) was reported by 
the surgeon in 531 patients (81 per cent). Curative surgery 
was performed in 522 patients (80 per cent). The distribu- 
tion of age and sex, the proportion receiving preoperative 
radiotherapy and the type of surgery performed was similar 
for all patients and those operated on with curative intent. 
The proportion of stage I and II tumours was higher in the 
curatively operated group than the whole patient group. 

Clinical characteristics for patients operated on by the 
high- and low-volume teams are listed in Table 1. The 
distribution of sex, age and tumour stage was similar 
between the groups. Sixty per cent of patients operated on 
by the high-volume teams received preoperative radio- 
therapy compared with 53 per cent of patients operated on 
by the low-volume teams (P = 0-05). The high-volume 
teams performed TME resections in a higher proportion of 
patients than the low-volume teams (87 versus 76 per cent; 
P < 0-001). No significant differences were seen in the 
proportion of curative procedures, anterior resections or 
crude rates of postoperative mortality (3 versus 4 per cent), 
anastomotic leaks (10 versus 11 per cent) or reoperations (12 
versus 10 per cent) between high- and low-volume teams. 


Table 1 Clinical characteristics of patients who had abdominal surgery with resection of rectal cancer, grouped according to 
operation by high- and low-volume surgical teams, and workshop participant and non-participant teams 





Missing: 











non-participant team 


Values in parentheses are percentages unless otherwise stated. “Tumour node metastasis classification. TME, total mesorectal excision 
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Forty-eight per cent of the patients were operated on by 
five high-volume teams, all of whom had participated in the 
TME workshops. Among patients operated on by the five 
high-volume teams no significant differences were seen 
regarding postoperative morbidity and mortality rates, rate 
of local recurrence, distant metastases or rectal cancer death 
(data not shown). The crude rate of local recurrence after 
curative surgery was significantly lower in patients operated 
on by high-volume teams than in those treated by low- 
volume teams (4 versus 10 per cent) (Table 2). If the teams 
were divided into further subgroups, teams that undertook 
six or fewer rectal cancer operations per vear had a 
recurrence rate of 16 per cent compared with 9 per cent 
(P = 0.02) and 4 per cent (P = 0-005) for those who did 
between seven and 12 operations per year and more than 12 
operations per year respectively. The crude rates of distant 
metastasis were not significantly different but fewer patients 
died from rectal cancer in the group operated on by high- 
volume teams (11 per cent) than in the group operated on by 
low-volume teams (18 per cent). After adjustment for 
confounding factors in the multivariate analysis, there was 
still an increased risk of local recurrence and rectal cancer 
death in patients treated by low-volume teams. No 
differences were found with respect to the studied endpoints 
when the three study years were analysed separately (data 
not shown). 

In 606 patients (93 per cent) the operation was performed 
by a workshop participant team (Table 1). Only 46 patients 
(7 per cent) were treated by a team of workshop non- 
participants. In 295 patients (45 per cent) the team 
performing the operation included one workshop partici- 
pant and in 311 patients (48 per cent) the team included two 
surgeons who were workshop participants. 

The rate of curative surgery was similar in patients 
treated by workshop participant and non-participant teams. 
However, patient characteristics for those operated on by 
workshop participant teams differed from those operated 
on by workshop non-participant teams in that the propor- 


tion of women was lower (42 versus 65 per cent; P < 0-005), 
more patients received radiotherapy (58 versus 39 per cent; 
P = 0-01) and more patients had a sphincter-preserving 
procedure (70 versus 50 per cent; P < 0-005). Sixteen 
patients (3 per cent) had an emergency operation carried 
out by a workshop participant team compared with two 
patients (4 per cent) in the group operated on by workshop 
non-participant teams (P not significant). A TME resection 
was reported in 502 patients (83 per cent) treated by a 
workshop participant team and in 29 patients (63 per cent) 
treated by workshop non-participant teams (P < 0-001). 
Tumour stage distribution was similar between the two 
groups. 

The proportion of anastomotic leaks (10 versus 9 per cent) 
and reoperations (11 versus 13 per cent) was similar between 
workshop participant and non-participant teams. No 
difference was seen in postoperative mortality rate between 
the two groups of patients. 

The crude local recurrence rate after curative surgery was 
6 and 13 per cent in patients operated on by workshop 
participant and non-participant teams respectively (P not 
significant). The crude rate of distant metastasis was 17 
versus 24 per cent, while 14 versus 18 per cent died from 
rectal cancer (P not significant). 


Discussion 


During the study period between 1995 and 1997 more than 
80 per cent of patients who had an abdominal resection for 
rectal cancer in Stockholm were operated on with the TME 
technique. Ninety-three per cent of the patients were 
operated on by 26 TME workshop participants and five of 
these were classified as high-volume surgeons who operated 
on almost 50 per cent of the patients. The mean annual 
number of rectal cancer operations performed by each 
surgeon varied between one and 48, and the total number 
varied between one and 143 in 3 years. In comparison, 
within the two Stockholm Radiotherapy Trials (1980- 


Table 2 Local recurrence, distant metastasis and rectal cancer death in curatively operated patients, according to operation by high- 


or low-volume teams 





Values in parentheses are “percentages unless otherwise stated or t95 per cent confidence intervals. Hazard ratios (low~ versus high-volume team) 


were adjusted for age, sex, tumour stage, tumour level above anus, radiotherapy treatment and total mesorectal excision operation. Log rank test 
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1993) 149 different surgeons operated on 1372 patients, the 
mean annual number of operations performed by each 
surgeon varied between one and nine, and only 11 surgeons 
performed more than 25 operations (range 35-87) during 
the study period of 12 years’. The TME project is therefore 
likely to have had an impact on rectal cancer surgical 
practice in Stockholm. Furthermore, the workshop has 
encouraged voluntary self-selection and specialization 
which has developed in a short period of time. In addition, 
the present study shows that patients operated on by teams 
including high-volume surgeons had a significantly better 
outcome. 

TME and spaincter-saving procedures were performed 
more often and radiotherapy was more commonly used in 
patients treated by workshop participant teams than in 
patients treated by workshop non-participant teams, 
despite a similar tumour stage distribution in the two 
groups of patients. The local recurrence rate and the rate of 
rectal cancer deaths were lower in patients operated on by 
workshop participants although the differences were not 
statistically significant, which could be related to the small 
number of patients treated by workshop non-participant 
teams. 

Case volume has been suggested as an indicator of 
surgical quality for individual surgeons’’**'’. The present 
results are in accord with this hypothesis. In the present 
study patient outcome was significantly influenced by the 
surgeon’s case volume. The local control and cancer- 
specific survival was significantly better in patients operated 
on by high-volume than low-volume teams, while the risk of 
postoperative morbidity and death was similar between the 
two groups of patients. There were no significant differ- 
ences in treatment results related to the individual surgeon 
within the group of five high-volume teams. 

In the Stockholm Radiotherapy Trials, conventional 
blunt surgical techniques were typically used and case 
volume did not significantly influence outcome’. TME in 
rectal cancer is a difficult and technically demanding 
operation. A high case volume appears to be important in 
order to achieve good results. The five high-volume 
surgeons had participated in all three workshops and had 
a continuous high case volume during the study period. 

Other studies have addressed surgeon case volume in 
cancer surgery °°, Some focused on postoperative mor- 
tality and morbidity, and demonstrated a surgeon-related 
variability, mainly related to case volume'”*'. However, 
other studies that addressed short-term outcome showed no 
association with case volume*”*. Similarly, in the present 
study no differences were seen in postoperative mortality 
and morbidity rates between high- and low-volume teams 
or workshop participants and non-participants. In addition, 
Porter et al.’ showed that outcome was improved both with 
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colorectal subspecialty surgical training and a higher 
frequency of rectal cancer surgery. In the Stockholm trials, 
patients operated on by surgeons who had been certified 
specialists for at least 10 years also had a lower risk of local 
recurrence and death from rectal cancer than patients 
operated on by surgeons with less experience’. 

In this study a board-certitied surgeon was considered to 
have performed the operation when he or she had actively 
participated at surgery. A maximum of two surgeons was 
recorded for each patient. It may be argued that only one 
surgeon should have been recorded for each operation. 
However, the authors believe that when two board-certified 
surgeons actively participate both of them increase their 
experience and skill. For example, ifa team of two surgeons 
performs 50 TME resections and only the senior surgeon is 
recorded as the operating surgeon, the second surgeon 
would be regarded as a low-volume surgeon when he or she 
performed the 51st TME resection together with another 
surgeon. This would not reflect the actual experience of the 
second surgeon and it was considered preferable to consider 
each surgeon as having performed and gained experience 
from each resection. 

Another potential problem in this study was that the total 
experience of the surgeon and the team, i.e. the volume of 
rectal cancer operations before the study period, was not 
taken into account. However, all surgeons had several years 
of experience after board certification and there were no 
obvious differences with regard to experience between 
workshop participants and non-participants, and between 
high-volume and low-volume surgeons (data not shown). 

The fact that outcome was significantly better in patients 
treated by high-volume surgeons is probably explained by 
the greater experience in TME resections per se within this 
group of surgeons. High-volume surgeons performed 
TME and used radiotherapy more often than low-volume 
surgeons; however, after adjustment for these variables in 
the multivariate analysis the differences in outcome 
concerning local recurrence and rectal cancer death were 
significantly better in patients operated on by high-volume 
surgeons. There may, of course, be other factors influencing 
outcome and related to high-volume surgeons, which have 
not been adjusted for. In addition to high case volume, 
outcome may be influenced by the knowledge of ‘the TME 
concept’ or ‘specimen-crientated surgery’. This includes 
proper preoperative staging, the use of preoperative radio- 
therapy, meticulous surgical dissection with rectal wash-out 
and pathological evaluation of the circumferential resection 
margin. 

In conclusion, the TME project apparently had a 
significant impact on rectal cancer surgical practice and 
patient management in a defined population of 1-9 million 
in Stockholm. Variability in patient outcome was mainly 
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related to case volume, with better results obtained in 
patients treated by high-volume surgeons who had partici- 
pated in the workshops. To further improve results in rectal 
cancer all patients should be offered care by a well educated, 
high-volume team that pays meticulous attention to detail. 
With today’s standardized preoperative staging, radio- 
therapy techniques and surgical skill, low rates of local 
recurrence should be achieved. 
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Experience of surgery for rectal cancer with total mesorectal 
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Background: Results from specialist centres have shown that total mesorectal excision (TME) produces 
excellent control of local disease in patients with carcinoma of the rectum. 

Methods: The results of TME were reviewed in a surgical practice in which patients with rectal cancer 
comprised 1 per cent of the total caseload and mean case numbers were less than 15 each year. 

Results: Fighty-two consecutive patients underwent rectal excision with TME over a 72-month period 
(68 anterior resection, eight abdominoperineal excision and six Hartmann’s procedure). Sixty-nine 
operations were deemed ‘curative’ at the time of surgery. Anastomotic leak occurred in two (3 per cent) 
of 68 patients, both of whom recovered without additional surgery. There were two local recurrences (3 
per cent) among 69 patients who underwent ‘curative’ surgery. At a median follow-up of 190 weeks, the 
survival rate for Dukes’ stage A, B, C and ‘D’ was 100, 83, 68 and 18 per cent respectively. 

Conclusion: Outcome as measured by perioperative morbidity and local disease control achieved in a 
surgical practice with a broad case mix and relatively low annual case volume was comparable to that 
from larger centres. Appropriate surgical training and attention to technical detail may be as important 


as case volume in determining outcome after surgery for rectal cancer. 
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introduction 


Total mesorectal excision (TME) has become the ‘gold 

*. All major published 
series have demonstrated low rates of local recurrence, good 
postoperative genitourinary function and a high rate of 
sphincter preservation’. The introduction and applica- 
tion of TME has also led to some controversies. Concerns 
have been expressed regarding the potential for selection 
bias in results that have emanated from specialist units, the 
reproducibility of results in general surgical practice, the 


| i i 
standard’ in rectal cancer surgery” 


occurrence of intersurgeon variability and the impact of 
surgical volume and case mix on outcome}! It is currently 
unclear what influence these individual variables have. 
Elimination of the potential for selection bias is not possible 
in specialist centres and it is difficult to control for the 
influence of surgical training and experience when discuss- 
ing case volume and case mix issues. It is essential for proper 
organization of rectal cancer surgical services and to ensure 
the quality of healthcare delivery to patients that there is 
clarity regarding these issues. The objective of this study 
was evaluate whether a general surgeon with formal training 
in the technique of TME can achieve results that compare 
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with internationally accepted best practice, in the setting of 
a non-specialist practice (i.e. that of a general surgeon with 
an Interest in surgery of the gastrointestinal tract). 


Patients and methods 


Patients 


Kighty-two consecutive patients underwent surgery for 
rectal cancer (tumours located within 15 cm of the anal 
verge), between August 1993 and July 1999, and are the 
subject of this report. Seventy-nine patients (96 per cent) 
were referred directly from a primary care physician. 
Seventy-six patients had an elective procedure and six had 
emergency surgery (four for large bowel obstruction and 
two for perforation, which in one patient was sustained 
during a preoperative contrast study). Forty patients were 
American Society of Anesthesiologists (ASA) grade I, 37 
ASA H and five ASA IIL Over the study period, three 
patients were refused surgery because of co-morbid medical 
conditions which, in the opinion of the surgeon or 
anaesthetist, precluded safe general anaesthesia. The 
mean age of the patients was 63-4 (range 38-81) years. 
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The female : male ratio was 1-14: 1. Data concerning 
clinicopathological staging and postoperative course were 
collected prospectively. 


Operative technique 


All patients were operated on by a single surgeon 
(O.J.McA.), or under his direct supervision, in a single 
institution. The rectal dissection for TME was conducted in 
standard fashion with sharp dissection in the appropriate 
anatomical plane with total excision of the mesorectum*"'”. 
The splenic flexure and transverse colon were mobilized in 
all patients. At anterior resection a double-stapling techni- 
que was employed and colonic continuity was re-established 
by colorectal or coloanal anastomosis using a circular 
stapling device (AutoSuture, US Surgical, Norwalk, 
Connecticut, USA). In all patients a hand-placed purse- 
string suture of 2/0 polypropylene through all layers was 
used to contain the anvil of the stapling device in the 
proximal limb of the anastomosis before application of the 
staples. At completion of the anastomosis, the bowel edges 
excised by the circular stapler (‘doughnuts’) were examined 
for completeness. In all patients the neorectum was tested 
for anastomotic air leak. A suction drain was placed in the 
pelvis and a diverting stoma was performed according to the 
criteria set out in Table 1. 

Patients who had abdominoperineal excision had dissec- 
tion down to, and between, the levator ani muscle 
completed during the abdominal component of the 
procedure. Only mobilization and dissection of the anal 
canal-sphincter complex was performed though the peri- 
neal incision. All six patients who underwent emergency 
surgery had a Hartmann’s procedure with cross-stapling of 
the distal rectum, without re-establishment of colonic 
continuity on the basis of the patients’ compromised overall 
preoperative status. All patients had intraoperative place- 
ment of a Bonano” suprapubic urinary catheter (Becton 
Dickenson, Franklin Lakes, New Jersey, USA). 

Specimens were analysed in a standard manner. Serial 
sections were performed as well as analysis of the inked 
circumferential margin, grading and Dukes’ staging. As 
many lymph nodes as possible were dissected from the 
mesorectum for histological analysis. 


Table 1 Criteria used for formation of a diverting stoma 
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Following surgery patients attended the outpatient clinic 
every 3 months for 2 years, 6 monthly up to 5 years and 
yearly thereafter. Patients were examined clinically and 
serum carcinoembryonic antigen levels were estimated at 
each visit. Liver ultrasonography or computed tomography 
was performed every 6 months and colonoscopy was 
performed at 1 and 3 years after operation. 


Chemotherapy and radiotherapy 


Patients with Dukes’ C tumours were counselled regarding 
the potential benefits and morbidity of adjuvant radio- 
therapy. Eleven opted to have postoperative adjuvant 
radiotherapy (40 Gy). The considerable distance from this 
centre to the nearest radiotherapy centre (over 210 km) may 
explain the poor uptake of radiotherapy. Three others had 
radiotherapy because their resection margins contained 
macroscopic or microscopic foci of tumour. Two patients 
had preoperative neoadjuvant radiotherapy for locally 
advanced disease on the basis of preoperative staging 
investigations. 

All patients aged less than 70 years with node-positive 
disease were given chemotherapy with 5-fluorouracil and 
leucovorin for 12 months. 


Statistical analysis 


Descriptive statistics (number, median, first and third 
quartiles) were calculated for level of the tumour, Dukes’ 
stage and type of operation (anterior resection, abdomino- 
perineal excision). Data were compared using non-para- 
metric Wilcoxon tests. Cross-tabulations of categorical 
variables were produced, and the number of observations 
and the row and column percentages calculated. 
Frequencies were then compared formally with Fisher’s 
exact test. For each patient, the survival time was calculated 
as the time from operation to the date on which the records 
were reviewed. Patients who were alive at the time had 
censored times to death. The survival rates and associated 
statistics were estimated using Kaplan—Meier methodology. 
These statistics and all other analyses were calculated using 
SAS°/STAT (SAS version 6.12; SAS Institute, Cary, 
North Carolina, USA) by an independent professional 
statistician. Values are presented as mean(s.e.m.) as the data 
were distributed symmetrically. 


Results 


Sixty-eight patients underwent anterior resection (21 witha 
covering transverse loop colostomy), while eight patients 
whose tumour involved the sphincter had abdomino- 
perineal resection. Six patients had proctectomy and end- 
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colostomy with a cross-stapled rectal stump (Hartmann’s). 
Sixty-nine resections were deemed curative at the time of 
surgery (no residual local or distant disease on inspection 
and palpation following resection). Of patients whose 
operation was deemed non-curative at the time of surgery, 
all subsequently had histologically proven local (z = 2), 
metastatic (7 = 10) or local and metastatic (#7 = 1) residual 
disease, 

The 30-day mortality rate was 4 per cent (myocardial 
infarction, one patient; respiratory failure secondary to an 
exacerbation of pre-existing chronic obstructive airway 
disease, one; stroke, one). In-hospital morbidity included 
pulmonary atelectesis (12 patients), superficial wound 
infection (six), pneumonia (one) and failure to void urine 
on first trial of suprapubic catheter clamping (one). One 
patient had an intraoperative blood transfusion, while 11 
required a bloed transfusion after operation (mean transfu- 
sion for these patients was 2-4 units). Six patients were 
treated with antibiotics after operation (other than the 
routine prophylactic dose), two for culture-positive urinary 
tract infection, one for pneumonia, one for an upper 
respiratory tract infection and two because of an anasto- 
motic leak. The latter became pyrexic on the fifth day after 
operation and had signs of peritoneal irritation within the 
lower abdomen. The anastomotic leaks were confirmed by 
contrast studies. Both patients had a diverting loop 
colostomy constructed at the time of initial surgery, did 
not require further surgical intervention and went on to 
make a full recovery. Two patients did not undergo closure 
of a diverting stoma; one died following a stroke before 
reversal and the other refused closure surgery. There was no 
case of long-term urinary dysfunction. 

Histological evaluation showed that 15 patients had 
Dukes’ A, 26 Dukes’ B and 30 Dukes’ C disease. Eleven 
patients had liver metastases (Dukes’ ‘D’). There were five 
local recurrences at a median follow-up of 190 weeks. 
Three of these were in patients whose operation was not 
initially considered curative (one patient had a perforated 
tumour, another had advanced local disease with positive 
mesenteric margins and the other sustained an iatrogenic 
perforation during operation). There were two local 
recurrences during follow-up among 69 resections that 
were considered curative (3 per cent), in one patient with 
Dukes’ B and one with Dukes’ C disease. Both patients had 
received adjuvant (postoperative) radiotherapy. 

Twenty-nine patients had tumours within 5 cm of the 
dentate line, 28 between 6 and 10 cm away, and 25 between 
11 and 15 cm away. Mean age, sex and distance of the 
tumour from the dentate line did not differ between patients 
whose operation was deemed curative (P = 0-83, P = 0.45 
and P = 0-38 respectively). The proportion of patients 
whose resection margins were shown histologically to 
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Fig. 1 Kaplan-Meier survival curve for all 82 patients in the 
series 


contain tumour differed between those whose operation 
was deemed curative and non-curative (P = 0-03). When the 
tumour extended to the edge of the surgical specimen only 
50 per cent of the operations were thought to be curative, 
while 94 per cent of operations were deemed curative when 
the tumour was subsequently shown on histological analysis 
to have been excised completely. 

When patients whose operation was deemed curative at 
laparotomy were examined in isolation, the Dukes’ stage of 
the tumour was a significant determinant of survival 
(P < 0-001). None of the patients with Dukes’ A disease 
died, while 17, 32 and 82 per cent of those with Dukes’ B, C 
and ‘D’ tumours respectively had died ata median follow-up 
of 190 weeks. The overall 5-year survival rate (all stages) 
was 67 per cent (Fig. 1). After curative operations a higher 
proportion of patients who subsequently died underwent an 
abdominoperineal resection or Hartmann’s procedure (36 
per cent) than anterior resection (22 per cent) (P = 0-015) 
(Table 2). 

Over the time period of this study, a mean(s.e.m.) of 
973(S7) patients annually underwent surgical procedures 
other than colorectal operations. Colorectal procedures 
comprised 3(1) per cent of the total annual caseload, while 
rectal cancer surgery accounted for 1(0) per cent of 
operations annually. 


Discussion 
In spite of advances in the understanding and treatment 


of colorectal adenocarcinoma, disease recurrence after 
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Table 2 Factors analysed for association with death (curative 
operations only) 





“Fisher's exact test. tPatients who had anterior resection were 
significantly more likely to survive than those who had an 
abdominoperineal resection or Hartmann’s procedure; patients who 
required adjuvant therapy were significantly less likely to survive; 
increasing Dukes’ stage significantly correlated with increased 
likelihood of death; {distant recurrence was significantly associated with 
increased mortality 


apparently curative surgery remains a significant problem. 
In the UK there are in excess of 28 000 new diagnoses 
annually and approximately 19 000 deaths’*. The patterns 
of recurrence differ for colonic and rectal tumours; 
disseminated disease is more common in the former, 
while rectal cancers tend to recur locally'*"'*. The reported 
incidence of local recurrence following curative resection of 
rectal cancers ranges between 3 per cent!’ and 32 per cent!® 
with a median of over 15 per cent”. The 5-year survival rate 
following local recurrence is 5 per cent with median survival 
of 7 months*®. Because successful palliation of local 
recurrence is difficult to achieve, it has frequently been 
suggested that reducing local recurrence is as important as 
increasing overall survival in patients with rectal cancer" 7, 

The application of TME in rectal cancer surgery has 
produced consistently low rates of local disease recur- 
rence’***. However, the potential for perioperative mor- 
bidity and the variations in reported data have led to 
discussions on intersurgeon variability, surgical case mix 
and surgical specialization since TME has been popular- 
ized'°**">. There has been some concern that increased 
morbidity and mortality rates may occur, particularly as a 
result of increased rates of anastomotic leakage. These have 
approximated 10 per cent in many series and this has led to a 
policy of increased use of diverting stomas”°*’. The authors 
have maintained a policy of selective use of loop stomas (31 
per cent in this study) using the criteria outlined, but the 
introduction of colonic J pouches in selected patients may 
lead to increased use. Of the two anastomotic leaks in the 
series, both occurred in patients with diverting stomas. 
Postoperative morbidity was otherwise limited and the 
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mortality rate was 4 per cent. These results compare well 
with those of other series. 

Patients who underwent abdominoperineal resection or 
Hartmann’s procedure had a significantly worse outcome 
than those who had anterior resection. This was also 
described by Heald et a/.*', who hypothesized that this may 
be related to tumour implantation in an abdominoperineal 
wound. This does not occur in an anterior resection. 
Alternatively the absence of a definable mesorectum below 
3-4 cm from the anal verge may remove an important safety 
factor. Heald et a/. also questioned whether all abdomino- 
perineal resections should be preceded by radiotherapy. 
This question remains unanswered. 

As regards restoration of continuity, eight of the 82 
patients were unsuitable for sphincter-preserving surgery 
(tumours involving sphincter). Of the remainder, 66 of the 
68 patients who had anterior resection had continence 
restored, but none of the patients with a cross-stapled rectal 
stump was reanastomosed. In two of these patients an initial 
anastomosis was not attempted because of pelvic sepsis at 
the time of original surgery, but in the other four patients a 
more suitable approach may have been construction of a 
temporary diverting stoma initially, followed by definitive 
surgery later. With this approach, it is possible that four 
patients could have been spared a permanent stoma. 

An important issue raised by this study is whether or not 
low rates of local recurrence can be achieved outwith 
specialist units''’~°. Because of the nature of such units, it is 
possible that referral patterns select patients who are more 
likely to benefit from their expertise and so preselection bias 
could inadvertently have been a factor in the superior results 
achieved with TME. The data presented in this report 
refute such a suggestion, as comparable results were 
achieved in a practice with a predominantly secondary 
rather than tertiary referral pattern (i.e. there was no 
preselection bias). One might suggest that a local recur- 
rence rate of 3 per cent was not accurate as 13 patients were 
excluded from the analysis. Of these 13 patients, 11 had liver 
metastases at the time of surgery, one patient had a 
perforated tumour, another had advanced local disease 
with positive mesenteric margins and the other sustained an 
iatrogenic perforation during operation. While some 
caution must be exercised in interpretation of the data, as 
the median follow-up for the patients presented was 
190 weeks, it has been shown that at least 80 per cent of 
local recurrence becomes apparent by 104 weeks’. The 
projected local recurrence rate at 5 years for the present 
patients should remain below 4 per cent. 

Much discussion has been centred on the appropriate 
delivery of surgical services, with the suggestion that rectal 
cancer surgery should be performed in dedicated units by 
specialist surgeons "7*2, This has obvious implications for 
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organization of services, especially emergency surgery, and 
for surgical training as the treatment of a relatively common 
cancer may no longer be the remit of many surgeons, 
surgical trainers and surgical trainees. Two critical ques- 
tions are central to these discussions; first, how does surgical 
case mix affect results and, second, what is the critical annual 
volume of patients required to maintain expertise? To date, 
these questions have not been answered clearly, because the 
individual surgeon’s training and experience in TME 
surgery has not been controlled for!’**°. The present 
report helps to answer these questions as surgical training 
was not at issue, since the senior surgeon (O.J.McA.) was 
trained at the unit where TME was developed*'. In a non- 
specialist practice where colorectal cancer formed 3 per cent 
of the annual workload and rectal cancer accounted for | per 
cent, a local recurrence rate of 3 per cent was achieved. 
Other reports have suggested that results are compromised 
by a broad case mix~”, but it is clear from the data presented 
that adequate training may offset this. It has recently been 
suggested that the proportion of patients undergoing 
abdominoperineal resection with a permanent stoma was 
lower in hospitals with a high caseload*”. This study did not 
examine the results of individual surgeons, only institutions, 
and the rate of permanent stoma formation in the present 
study (17 per cent) compares favourably. 

Recently, the role of surgical training in TME surgery has 
been endorsed, following the introduction of TME to 
surgeons in Stockholm in 1994. By means of video teaching 
and histological presentation this led to a reduction in the 
local recurrence rate to 6 per cent’. Taken together with the 
data presented here, appropriate training in the technique 
of TME is the essential factor, and absolute specialization is 
not necessary to produce good results. Undoubtedly a 
critical number of patients is required to maintain 
standards, and in the authors’ experience an average 
caseload of approximately 14 per year did not compromise 
results. 

TME may be performed successfully by non-specialist 
surgeons who have been trained appropriately in the 
technique, even in the presence of a varied caseload and 
an annual rectal cancer case volume as low as 14. As training 
rather than volume predicts outcome, rectal cancer surgery 
need not be limited to specialist units as long as results are 
strictly audited. 
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Background: Patients with large sessile colonic polyps for which endoscopic resection might be feasible 
are often referred directly for operation. The aim of this study was to determine the outcome of 
patients with such polyps diagnosed by specialist and non-specialist colonoscopists. 

Methods: Patients with large (greater than 2 cm) sessile polyps detected at colonoscopy from January 
1995 to July 2000 were identified. Resection technique and clinical and endoscopic outcomes were 
recorded. Two of the colonoscopists (B.P.S., C.B.W.) are recognized as specialists. 

Results: Some 130 polyps were identified, 100 detected by either of two specialist endoscopists 
(including 14 cancers) and 30 by 14 non-specialist endoscopists (including ten cancers). Endoscopic 
resection of benign polyps was attempted by experts in 80 (93 per cent) of 86 cases and by non-experts 
in 15 of 20 cases (P = 0-03), with successful management by endoscopy alone in 61 (76 per cent) of 80 
and in six of 15 cases respectively (P = 0-01). Complications occurred following three polypectomies 
performed by an expert (bleeding, two; pain, one) and one by a non-expert (bleeding). The estimated 
end-cost of management by specialists was less than half of that by non-specialists. 

Conclusion: Endoscopic resection of large sessile colonic polyps is feasible in the majority of patients 
and should be considered as first-line therapy. Prompt referral to a specialist endoscopist may improve 


outcomes by avoiding operation or enabling complete excision at a single endoscopy session. 
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Background 


Large sessile colonic polyps account for only a small 
proportion of colonic adenomas overall but are clinically 
important because of their propensity for malignant 
change’. Endoscopic resection became feasible in the 
1970s with the development of piecemeal resection? and 
submucosal saline injection techniques’*. Several case 
series have reported on the effectiveness and safety of 
endoscopic resection’ ’, but in centres with no special 
interest in colonoscopy techniques patients with large 
sessile lesions may still be referred directly for surgical 
resection. Reluctance to pursue endoscopic resection may 
result from lack of endoscopic expertise and concern at 
delaying definitive therapy for a polyp that may already 
contain undiagnosed malignancy. However, this practice 
exposes the patient to the risk of surgical morbidity and is 
likely to be less cost-effective than referral for a second 
endoscopic opinion. 

A retrospective review was conducted of the outcomes of 
patients with large sessile colonic polyps diagnosed at 
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colonoscopy over a 67-month period. The aim was to assess 
the results of endoscopic management by both specialist 
and non-specialist colonoscopists. 


Patients and methods 


Patients with large (greater than 2 cm) sessile polyps 
diagnosed during colonoscopy at this en doscopy unit 
from January 1995 to July 2000 were identified by a search 
of the computerized endoscopy database, The unit serves a 
local population of 330 000 as well as tertiary referrals to the 
ten colorectal surgeons and physicians and two specialist 
colonoscopists. During the study period a total of 12 715 
colonoscopies was performed. The specialists performed 
five or six colonoscopy sessions per week (more than 800 
colonoscopies per annum) including tertiary referrals of 
difficult colonoscopy cases. Non-specialists performed one 
or two sessions per week ‘fewer than 200 colonoscopies per 
annum). 

Bowel preparation for colonoscopy entailed purgation 
with magnesium citrate (two 29.5 g sachets) and senna 
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(weight 13 g), as well as dietary restriction for 2 days. 
Procedures were performed as day cases using conscious 
sedation, which was achieved by titrating intravenous 
boluses of midazolam and pethidine. Both specialist 
endoscopists also routinely administered intravenous hyos- 
cine butylbromide (Buscopan”; Boehringer Ingelheim, 
Bracknell, UK) 20-40 mg, unless contraindicated. 
Procedures were performed with Olympus video-colono- 
scopes (CF200HL, CF230HL and IT200L; Olympus 
Optical, Tokyo, Japan). Olympus standard and mini-snares 
and Wilson-Cook injection needles (Bloomington, 
Indiana, USA) were used to perform snare resection and 
submucosal injection (using sterile normal saline). 
Diathermy settings were standardized to a 15-W coagulat- 
ing current for all polypectomies. 

Endoscopic and surgical records, case notes and pathol- 
ogy reports for each patient were examined. Polyps 
subsequently confirmed to contain advanced cancer (stage 
higher than T1) were included in the analysis only if sessile 
morphology had been noted and endoscopic resection 
attempted. Polyp size (often by comparison with open 
biopsy forceps) and morphology were generally estimated 
and recorded in the report by the endoscopist. Where this 
information was not available, dimensions were obtained 
from the histopathological record. Details of polyp loca- 
tion, initial resection technique and any operations or 
complications were obtained wherever possible. For 
patients no longer followed at this institution, the general 
practitioner or referring consultant was contacted. Polyps 
located in the distal § cm of the rectum were excluded, as 
proximity to the dentate line makes them most amenable to 
transanal surgical resection. Six patients with sessile lesions 
associated with ulcerative colitis (dysplasia-associated 
lesion or mass) were also excluded, as well as one patient, 
known to have a sessile cancer, who had declined operation 
and one patient who died (unrelated cause) after colono- 
scopic diagnosis but before intervention. 

Continuous variables such as age and polyp size are 
presented as median (range) or mean(s.d.). The Mann- 
Whitney U test was used to compare non-parametric data 
and the Student’s ¢ test for parametric data. Categorical data 
such as polyp location, resection technique and outcome 
were analysed with Fisher’s exact test. P< 0-05 was 
considered statistically significant. 


Results 


Overall 130 sessile polyps were identified in 129 patients. 
The initial colonoscopy was performed by one of the two 
specialist colonoscopists in 99 patients (56 men; median age 
66 (range 25-84) years; 100 polyps) and by one of 14 non- 
specialists (four surgeons, three physicians and seven 
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experienced trainees) in 30 patients (11 men; median age 
72 (28-85) years; 30 polyps). Overall, polyps in the non- 
specialist group were larger than those in the specialist 
group (Table 1), but there was no difference in anatomical 
location or distribution of histological type between the two 
groups. For polyps that were initially managed by endo- 
scopic polypectomy, there was no difference in the median 
(range) size between the specialist and non-specialist groups 
(25 (20-80) versus 30 (20-55) mm; P = 0-20). 

Methods of initial resection for polyps that proved to be 
benign are detailed in Table 2. Specialists attempted 
endoscopic resection significantly more often (80 of 86 


Table 1 Distribution, size and pathological findings for all large 
sessile polyps diagnosed by specialists and non-specialists 





*Values in parentheses denote tumour stage. Numbers with mild, 
moderate and severe dysplasia respectively shown in parentheses. 

$P = 0-03 versus specialist group (Fisher's exact test); §P = 0.01 (Mann- 
Whitney U test) 


Table 2 Methods of initial resection for benign polyps by 
specialists and non-specialists 





*Values are median (range). {Polyp size not stated but known to be 
greater than 2 cm 
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cases for specialists versus 15 of 20 for non-specialists; 
P = 0-03) and used saline-assisted polypectomy techniques, 
with either piecemeal or single-snare resection, signific- 
antly more frequently (38 of 80 cases for specialists versus 
two of 15 for non-specialists; P = 0-02). 

The outcomes of endoscopic management for benign 
polyps are detailed in Table 3. Complete endoscopic success 
was defined as occurring when no polyp recurrence was 
detectable at follow-up. This was achieved more frequently 
by specialists than by non-specialists (P = 0-01). There was 
no significant difference, however, in the median (range) 
number of therapeutic procedures required to complete 
polypectomy by specialists and non-specialists (1 (1-4) 
versus 2 (1-2) procedures; P = 0-2). No polyp in either 
group, once declared completely resected using the above 
definition, has subsequently recurred. The median number 
of follow-up examinations after complete resection in these 
patients was | (range 1-4), with a median recurrence- 
free follow-up time of 11-7 (range 2-1-64-2) months. 
Additionally seven patients are continuing with endoscopic 
management although they have not had a normal follow- 
up examination to date. 

Altogether 21 patients with benign polyps were referred 
for operation, either for initial resection or following failure 
of endoscopic polypectomy. Significant complications 
occurred in six of these 21 patients, including one death 
from respiratory failure 48 h after a right hemicolectomy, 
two episodes of postoperative haemorrhage (both following 
transanal resection), pneumonia in two patients and 
anastomotic dehiscence in one. 

For sessile polyps that proved to be cancer, specialists 
attempted resection less often than non-specialists (five of 
14 versus eight of ten cases respectively; P = 0-05). There 
was no significant difference in size between cancers in 
patients who were referred directly for operation and those 
for which endoscopic resection was attempted. Endoscopic 
resection was initially attempted in 13 of 24 sessile cancers 
overall, two of which (a stage T2 sigmoid cancer and a stage 


Table 3 Outcome of endoscopic management for benign polyps by specialists and non-specialists 








T3 transverse colonic cancer) were advanced. The patients 
with advanced lesions (one each from the specialist and non- 
specialist groups) underwent surgery and remain disease- 
free at ï$ and | years respectively. Ultimately, however, all 
24 patients with cancer were referred for operation. No 
residual cancer was present in the surgical specimen in two 
patients (both polypectomies performed by a specialist 
endoscopist). 

Complications of endoscopic resection requiring hospi- 
tal admission occurred in three of the patients managed by 
specialists: one with delayed haemorrhage requiring trans- 
fusion but no other intervention; one with an intrapro- 
cedural bleeding episode that settled spontaneously; one 
with abdominal pain, but no peritonism or free gas on plain 
radiography, which resolved after 24h of inpatient 
observation. One patient in the non-specialist group was 
admitted with self-limiting bleeding. There were no 
perforations. 

The approximate cost of management for benign polyps 
was calculated for patients who reached the endpoint of 
successful endoscopic or surgical resection. Using local 
charges for colonoscopy (£469), operating theatre time 
(£205 per h) and daily inpatient rates (£300), the approx- 
imate cost of patient management was calculated. The mean 
cost of surgical management for benign polyps, calculated 
from 16 of 21 patients with available data on hospital stay 
(median 8-5 (range 2-45) days) and operating time (median 
1-9 (range 0-4-5-6) h) was £5260. Overall management 
costs were considerably lower for patients managed by the 
specialist colonoscopists (Table 4). These data were not 
analysed statistically because the values are derived from the 
mean costs of surgery for benign polyps in the whole group 
and are therefore estimates. 


Discussion 


The efficacy of endoscopic resection for large sessile colonic 
polyps has been reported in several case series? , However, 





“Values are median (range). tIncludes one patient who died from an unrelated illness during follow-up. 4P = 9.01 versus specialist group (Fisher's 


exact test) 
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Table 4 Cost of management for patients with benign polyps and successful endoscopic resection or surgery 





*Cost of surgery includes operation plus inpatient stay (mean for 16 of 21 patients for whom information was available) 


in many UK centres patients with these polyps are still being 
referred directly for operation. Reluctance to attempt 
endoscopic removal may reflect a lack of local expertise or 
concern at delaying definitive treatment of a potentially 
malignant lesion, but exposes patients to the risks of surgical 
morbidity and mortality. 

This study corroborates previous reports that complete 
and uncomplicated polypectomy can be achieved in the 
majority of patients. Surgery was avoided overall for 70-93 
per cent of patients with benign polyps, the latter figure 
presupposing success in patients who were lost to follow-up 
or are continuing with endoscopic management. In this 
study successful endoscopic resection was defined as the 
absence of recurrence at follow-up. However, the median 
number of normal follow-up examinations after successful 
polypectomy was only 1. Most of these patients continue 
under surveillance and it remains to be seen whether there 
will be any delayed recurrences, as has been observed by 
others®. The specialists in this study, however, routinely 
tattooed polypectomy sites (sterile India ink) and used dye- 
spray (0-1 per cent indigocarmine) at subsequent examin- 
ations to facilitate accurate endoscopic follow-up. 

Two of the endoscopists in this series are recognized 
specialist colonoscopists, each performing more than 800 
colonoscopies annually. The apparent effectiveness of the 
specialists may have been influenced by referral bias, as 
tertiary referrals comprised 30 per cent of the cases they 
performed. Tertiary referrals could have caused bias in 
either direction, depending on the referring clinician’s 
threshold for referring difficult cases for endoscopic or 
surgical management. Polyps in patients referred from 
other centres had usually been biopsied at the ume of 
diagnosis and were therefore more likely to be benign, 
explaining the smaller proportion of malignant polyps 
managed by the specialists. 

The benign polyps in the non-specialist group were 
larger, probably contributing to the higher rate of operation 
without attempting endoscopic removal. However, there 
was no difference in median size between the two groups for 


© 2002 Blackwell Science Ltd 


benign polyps where endoscopic polypectomy was 
attempted. Thus the better outcome for these polyps in 
the specialist group is probably a function of expertise rather 
than polyp dimension. 

Although itis necessary to interpret retrospective analysis 
with caution, the demonstration of significantly better 
outcomes for benign polyps managed by specialists is 
plausible. The specialists are adept at performing the 
insertion of the colonoscope efficiently and with a straight 
instrument, allowing more time and optimal positioning for 
polypectomy. They are also skilled at piecemeal and saline 
injection techniques, the latter being used almost exclu- 
sively by the specialists in this study. 

Management of large benign sessile polyps appears in this 
study to have been more cost-effective in specialist hands, 
with considerable savings because of proportionately fewer 
patients being referred for operation. The prolonged 
hospital stay of the six surgical patients with complications 
contributed significantly to the difference in cost. Several 
authors have described laparoscopic segmental colectomy 
for benign polyps™”, which was not performed in this series. 
While laparoscopy accelerates recovery and shortens 
hospital stay, the procedure is more time consuming and 
therefore more costly. Greater cost-effectiveness of specia- 
list care'’, and improved outcomes with higher case volume 
per individual surgeon?! or hospital'*, have also been 
demonstrated in other disciplines. 

New endoscopic techniques that allow large en bloc 
mucosal resections”! >}, and even full-thickness endo- 
scopic colotomy’®, are likely further to improve the 
likelihood of achieving complete endoscopic polypectomy, 
although the level of skill required to perfect these 
techniques will confine their use to specialist centres. 

Sessile polyps that have undergone malignant transfor- 
mation may have atypical features, including surface 
ulceration and irregularity, or firmness to palpation". 
It is known that invasion beyond the first third of the 
submucosa is associated with a significant risk of lymph 


: ‘ 9 ; 
node invasion’’, but accurate pathological staging of 


www. bjs.co.uk British Journal of Surgery 2002, 89, 1020-1024 


1024 Endoscopic resection of large sessile colonic polyps « J. C. Brooker, B. P. Saunders, S. G. Shah and C. B. Williams 


specimens resected by piecemeal polypectomy is difficult 
because of fragmentation and artefact. Therefore it is 
important to identify invasive disease early, to avoid 
unnecessary and possibly dangerous attempts at endoscopic 
resection, and to enable expeditious surgical management. 
In this study the specialist colonoscopists were significantly 
better than non-specialists at recognizing the features of 
malignancy in polyps and so were less likely to attempt 
endoscopic resection. Their greater accuracy presumably 
derives from familiarity with the features of malignancy, as 
well as the use of saline injection techniques to elicit the 
‘non-lift sign’'’, which usually signifies invasive disease. 
Even the specialists, however, failed to recognize one-third 
of the cancers correctly, highlighting the need for more 
accurate techniques for im situ diagnosis and staging. 
Endoscopic ultrasonography may soon fulfil this role””. 

In conclusion, the majority of large benign sessile polyps 
in the colon can be safely and successfully removed 
endoscopically. For polyps that have been judged to be 
endoscopically irresectable, the opinion of a specialist 
colonoscopist should be sought before considering oper- 
ation. Management by a colonoscopy specialist not only 
improves outcome but is also more cost-effective. 
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Introduction 

Perianastomotic abscess formation can complicate surgery 
for rectal cancer. Patients who have received preoperative 
radiotherapy experience a higher than expected anastomo- 
tic leak rate (8-15 per cent)? and problems remain with 
healing of ultra-low anastomoses’. Patients may present 
with pain in the lower abdomen, peranal discharge and/or 
pyrexia. The presence of an anastomotic dehiscence and 
leakage into the perirectal cavity is readily recognized by 
water-soluble contrast proctography. Pelvic ultrasonogra- 
phy or computed tomography (CT) may demonstrate an 
abscess cavity but fail to demonstrate the site of dehiscence 
satisfactorily. Surgical drainage, ultrasonographically 
guided transperineal drainage or CT-guided transgluteal 
drainage may achieve complete resolution of the abscess 
cavity and closure of the fistulous communication between 
the abscess cavity and the residual rectum. This paper 
describes a simple technique to achieve drainage by the per- 
rectal route under fluoroscopic control. 


Patients and methods 

Over a 6-year period from 1992 to 1998, 152 patients had 
rectal cancer surgery with a primary anastomosis. Some 57 
patients had preoperative radiotherapy, of whom eight 
developed a perianastomotic abscess. Of the eight patients, 
six had a defunctioning ileostomy. The mean age of the 
patients was 69 (range 51-82) years. There were seven men 
and one woman. The radiation dose received was 20 cGy 
in seven patients and 50 cGy in one. The mean ume 
from operation to detection of the abscess was 16 (range 
8-39) days. CT was performed in two patients and water- 
soluble contrast proctography in all eight. Under fluoro- 
scopic guidance a 0-035-inch (0-89 mm) stiff guidewire was 
passed into the rectum. An 8-Fr guiding catheter with a 
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small curve at the end was passed over the wire to enable 
manipulation of the wire into the abscess cavity across the 
dehiscence. Occasionally a glide wire (Terumo ; Terumo 
Corporation, Tokyo, Japan) was used to enter the cavity. 
Over the wire the guiding catheter was exchanged for a 
locking pigtail drainage catheter (8-14 Fr) (Fig. 1). The 
drainage catheter was fixed to the medial aspect of the thigh 
using an adhesive plaster and attached to a suction drainage 
bag. In one patient with a wide anastomotic defect and a 
large cavity, a Foley catheter was placed in the cavity instead 
of the pigtail catheter. Serial proctography was performed 
at unspecified intervals until there was no drainage. 
Dislodgement of the catheter was managed by reposition- 


ing. 


Results 

Seventeen drainage procedures were performed in eight 
patients, with a mean of 2-1 (range 1—4) pri cedures per 
patient. The mean period of drainage was 49 (range 
4-152) days. Complete resolution of the abscesses and 
closure of the fistulous communication was achieved in 
seven of the eight patients. This was confirmed by a normal 
water-soluble contrast proctogram. The remaining patient 


was managed by abdominoperineal resection. The failure to 





Fig. 1 Lateral view of presacral space with pigtail catheter 
positioned for drainage of anastomotic abscess 
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heal was attributed to a wide perianastomotic communica- 
tion with the abscess cavity. 


Discussion 

Perianastomotic abscess formation is a potential complica- 
tion of low anterior resection with or without loop 
ileostomy. Preoperative radiotherapy may or may not 
increase the incidence of this complication. Higher radia- 
tion doses have resulted in poor healing and increased 
occurrence of anastomotic dehiscence’. Water-soluble 
proctography demonstrates the site and extent of the 
anastomotic dehiscence and the perianastomotic abscess 
cavity. CT may be useful to define the relation of the cavity 
to the anastomotic site, but in two of the present patients it 
did not demonstrate the site of dehiscence with good 
confidence. Evaluation of a larger group may be necessary 
to define the role of CT in the evaluation of this 
complication. In the authors’ opinion, water-soluble 
proctography is a more dynamic investigation to demon- 
strate this complication, and drainage of the abscess cavity 
may be carried out at the same time. 

This study demonstrates healing of perianastomotic 
abscess collections when drained by the per-rectal route, 
although in most cases there was a long time to resolution. 
Usually an attempt at conservative therapy is made in all 
patients, reserving surgical reintervention for repair or 
drainage in patients whose anastomotic dehiscence fails to 
close spontaneously. Fluorescopically guided per-rectal 
drainage of perianastomotic abscess is easily achieved with 
satisfactory closure of anastomotic dehiscence. Compared 
with CT-guided transgluteal drainage or ultrasonographi- 
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cally guided transperoneal drainage methods, fluoroscopi- 
cally guided per-rectal drainage is a painless procedure, 
easily repeatable for repositioning, and requires no special 
preparation or anaesthesia. Disadvantages include patient 
discomfort from the catheter and the potential need for 
repositioning of the catheter. Long drainage times are to be 
anticipated, with a mean of 49 days seen in the present 
study. The prolonged drainage forms a mature fistulous 
tract at the dehiscence. In most patients this tract will heal 
after removal of the catheter’. Several methods of per-rectal 
drain insertion have been described”**, and may be modified 
to the operator’s convenience and patient suitability. 
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Background: Histological alterations in the enteric nervous system (ENS) have been described in 
patients suffering from Crohn’s disease (CD). The aim of this study was to investigate whether patients 
with CD without rectal inflammation have abnormal anorectal function compared with healthy 
volunteers. 

Methods: Fifty-four patients with CD and 26 healthy volunteers were examined by anorectal 
manometry and answered a standardized questionnaire. No patient had active CD in the rectum as 
determined by endoscopy. 

Results: Maximum anal resting and squeeze pressures did not differ between patients and healthy 
volunteers. The rectoanal inhibitory reflex was absent in 24 of 54 patients and two of 26 healthy 
volunteers (P < 0-05). The first sensation to distension of the rectal balloon was reported at 
mean(s.e.m.) 57-9(4-4) ml by patients and 37.5(2-2) ml by healthy volunteers (P < 0-01). The 
standardized interview revealed additional disorders of anorectal function in patients with CD. 
Conclusion: Anorectal function appears to be altered in many patients with CD even in the absence of 


macroscopic anorectal disease. This may be due to a disorder of the ENS. 
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Introduction 


The aetiology of Crohn’s disease (CD) is unknown and 
knowledge of the pathophysiology of CD is very limited’. 
Immunological, microbiological and neurohumoral 
mechanisms have been suggested‘, and the role of the 
enteric nervous system (ENS) has been studied”®. 
Alterations in neuropeptide content of the enteric neurones 
have been identified in CD by immunohistochemistry’~’. 
Furthermore, morphological changes of enteric neurones 
have been observed by electron microscopy even in 
macroscopically or histologically normal bowel’? !’. 
Changes of neurotransmitter coding in neurones of the 
submucosus plexus in non-inflamed rectum of patients with 
CD have been demonstrated recently’”. 

The significance of these observations is not clear. It is 
possible that a generalized neuropathy is present in CD 
which may also involve the ENS'*:'*. Evidence exists from 
animal studies that, in the intestine, interaction between 
nerve fibres and immune cells can occur that may be 
relevant to the regulation of local inflammatory responses to 
pathogenic materials that enter the organism via the oral 


route’ ™!ć, The aetiology of CD may therefore include not 
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only a dysfunction of the gut immune system but also a 
disorder in intestinal innervation. 

Although histological changes are observed in the ENS of 
patients with CD even in the absence of local inflammation, 
it is unknown whether this is accompanied by a functional 
disorder of the ENS. The function of the ENS is difficult to 
investigate directly in the small intestine and the colon. 
However, the rectoanal inhibitory reflex (RAIR) is a simple 
test for the functional integrity of the ENS in the 
anorectum!~"”, 

The aim of present study was to investigate whether 
anorectal functional disorders are present in patients with 
CD who have macroscopically uninvolved anorectum. 


Patients and methods 


Patients 


Fifty-four patients with CD, 30 women and 24 men of 
median age 37 (range 18-88) years, were studied. Forty-six 
patients had quiescent or minimally active CD (CD activity 
index (CDAD) less than 150); eight patients had a CDAI 
greater than 150. CD affected the colon only in three 
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patients, the small bowel in three, and both the colon and 
small bowel in 48 patients. Thirty-three patients had 
undergone abdominal surgery in the past. Five patients 
had previously had a single episode of perianal sepsis that 
required subcutaneous abscess drainage without involve- 
ment of the anal sphincters and that was completely healed 
by the time of investigation. No patient had previously had 
extensive anorectal surgery, perianal fistula, anal fissure, 
diabetes mellitus, anorectal malformation or active rectal 
CD. All patients were receiving maintenance or therapeutic 
medication for CD (corticosteroids 7 = 20, sulphasalazine 7 
= 15, metronidazole n = 2, azathioprine 7 = 1, loperamide or 
cholestyramine 7 = 14). Furthermore, 26 healthy volun- 
teers, 16 women and ten men of median age 28 (range 21- 
47) years, with normal anorectal function and no previous 
abdominal surgery acted as controls. 


Standardized interview 


To establish the degree of anorectal continence before 
anorectal manometry, patients were interviewed with 
respect to the number of bowel movements per day; 
predominant consistency of stool when trying to defaecate; 
continence to gas, liquid and solid stool; ability to 
distinguish stool consistency before defaecation; maximum 
time to postpone defaecation; and use of sanitary pads. 


Anorectal manometry 


Anorectal manometry was performed in the right lateral 
position. An eight-channel, water-perfused manometry 
system (Arndorter Medical Specialties, Greendale, 
Wisconsin, USA) was used for pressure recordings. The 
recording points were located at the tip of a catheter (length 
90 cm, outside diameter +-8 mm) ata distance of 0-5 cmina 
45° radial position (ARM? 8 Standard Anorectal Catheter; 
Arndorfer Medical Specialties). A ninth lumen was used for 
air insufflation into a latex balloon 3-5 cm beyond the distal 
recording point and for pressure measurement in this 
balloon. 

Pressures in the anal canal were transmitted to pressure 
transducers (Statham transducer, Model P23XL; 
Spectramed, Oxnard, California, USA) and relayed to a 
personal computer via an analogue to digital converter 
(Combi-interface, PC-Polygraf VIII; Synetics Medical, 
Frankfurt, Germany). Data analysis was performed with 
dedicated software under visual control on the computer 
monitor (Polygram Software, Version 4.21; Syneties 
Medical). 

Maximum anal resting pressure was measured by a 
continuous pull-through (speed 0-1 cm/s). Maximum 
squeeze pressure was determined as the maximum pressure 
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above baseline by a stationary pull-through technique 
according to Coller”. After positioning the outer channel 
above the external sphincter, the catheter was withdrawn in 
l-cm increments. After each withdrawal the subject was 
asked to squeeze for approximately 10 s after a rest of 20 s. 
To determine the RAIR volumes of 10, 20, 30,40 and 50 ml 
of air were successively insufflated into the anorectal 
balloon ata speed of 10 ml/s. Thresholds for each patient’s 
minimal perception and urgency to defaecate were inves- 
tigated by rectal balloon distension. Rectal compliance was 
assessed at maximum tolerable volume, calculated as the 
volume per balloon pressure in the rectum minus balloon 
pressure outside the rectum. 


Data analysis 


Descriptive data are given as mean(s.e.m.). Differences 
between healthy volunteers and patients with CD were 
assessed with the Mann-Whitney rank sum test. 
Proportions were compared using the x° test. P < 0-05 
was considered statistically significant. 


Results 


Anorectal manometry 


The RAIR was absent in 24 of the 54 patients with CD and 
in two of the 26 normal volunteers (P < 0-05). Maximum 
anal resting pressure was 82-2(3-6) mmHg in patients with 
CD and 90-2(5.3) mmHg in healthy volunteers (P not 
significant). Maximum squeeze pressures were 124-7(6-6) 
and 147-9(10-9) mmHg respectively (P not significant). 
The first sensation during intrarectal balloon distension 
occurred at 37-5(2-2) ml in healthy volunteers and 
57-9(4-4) ml in patients with CD (P < 0-01), while the 
balloon volume at the onset of the urge to defaecate was 
183.9(16-8) compared with 160-2(10-8) ml (P not signifi- 
cant). Rectal compliance at maximum tolerable volume did 
not differ between healthy volunteers and patients with CD 
(6-5(0-5) versus 5-1(0-3) mi/mmH g). 


Standardized interview 


The frequency of bowel movements was 4-5(0-8) per day in 
patients with CD compared with 1-9(0-2) in healthy 
volunteers (P < 0-05). All healthy volunteers were fully 
continent, while 24 per cent of the patients with CD had 
incontinence to gas (P not significant), 46 per cent to liquid 
stool (P < 0-05) and 9 per cent to solid stool (P not 
significant). Half of the patients with CD and all normal 
volunteers were able to delay a bowel movement for more 
than 5 min (P < 0-05). Thirty-nine of the 54 patients with 
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CD and five of the 26 normal volunteers had liquid stools 
(P < 0-05), All 26 healthy volunteers were able to discrimi- 
nate between different stool consistencies before defaeca- 
tion but only 41 (76 per cent) of the 54 patients with CD (P 
not significant); and 12 (23 per cent) of the 54 patients but 
no healthy volunteer used sanitary pads (P not significant) 
(Table 1). 


Discussion 


In the present study, anorectal function of patients with CD 
without obvious disease of the anorectum was investigated 
and compared with that in healthy volunteers. The ENS- 
dependent RAIR was absent up to a rectal distension of 
50 ml in 24 of the 54 patients with CD and two of the 26 
volunteers who served as controls. No differences in anal 
sphincter pressure, rectal compliance or maximum toler- 
able volume at distension were observed. However, in 
patients with CD the sensory threshold to distension of a 
rectal balloon was present at higher volumes. Patients with 
CD also had more frequent bowel movements, a higher rate 
of faecal incontinence, and more frequent difficulties in 
discrimination of stool consistency before detaecation. 
The RAIR, which has been described as a sampling 
reflex? 7, is triggered by mild distension of the lower 
rectum by stool or gas. It consists of a reflex relaxation of the 
internal anal sphincter'’** that allows rectal contents to 
reach the highly sensitive transition zone of the anal canal. 
Thus, differentiation between gas, liquids or solid stool is 
possible, while defaecation can still be delayed if contraction 
of the external anal sphincter'*”* moves the bolus back into 


Table 1 Data from standardized interview 


the rectum. Discrimination of rectal contents becomes 
difficult if the RAIR is absent’. 
The RAIR has been described as a reflex within the rectal 
wall that is independent of the extrinsic innervation to the 
rectum t, Furthermore, the integrity of the ENS is 
indispensib le for this reflex as it is absent in aganglionosis 
coli (Hirschsprung’s disease) or after transection of the 
lower rectum following low anterior rectal resection |? "7, 
Thus, the presence of the RAIR may serve as a simple test 
for the functional integrity of the ENS in the lower rectum. 
Although the RAIR could not be elicited by distension of 
the rectum up to 50 ml in 44 per cent of the present patients 
with CD, it may have been elicited at higher distension 
volumes. Nevertheless, in comparison to the normal 
volunteers, it is clear that the RAIR in patients with CD 
was at least severely blunted. Thus, dysfunction of the RAIR 
was present in almost half of the patients with CD 
investigated. Dysfunction of the RAIR in many patients 
with CD without apparent alteration in external sphincter 
function (maximum squeeze and maximum resting pres- 
sure) suggests dysfunction of the ENS. These results are not 
consistent with a more generalized neuropathy of the 
peripheral nervous system, because the extrinsic innerva- 
tion to the anal sphincters was apparently unaffected. This 
dysfunction may be limited to the rectum and lower anal 
canal. However, other studies have described generalized 
morphological alterations in the ENS in patients with CD 
in macroscopically non-inflamed areas. Dvorak etal. te 
described severe and extensive submucosal axonal damage 
and necrosis in patients with CD. Identical axonal necrosis 
was identified both in affected and apparently normal areas. 








*Values are mean(s.e.m.); tvalues in parentheses are percentages. CD, Crohn’s disease. 4P < 0-05 


YP<0-05 versus healthy volunteers (y° test) 
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In a previous study the present authors compared neuro- 
transmitter coding in non-inflamed rectum of patients with 
CD and healthy controls'*. Changes of neurotransmitter 
coding were found in neurones of the submucosus plexus of 
patients with CD, and a distinct population of neurones 
expressing vasoactive intestinal peptide was found in 
patients with CD but not in controls. Furthermore, a 
thickening of calcitonin gene-related peptide varicosities 
occurred in patients with CD. These findings suggest that 
changes in the ENS, and the nerves supplying it, may play a 
role in RAIR dysfunction in patients with CD, It is also 
possible that dysfunction of the ENS is present in other 
parts of the gut, where the function of the ENS is at present 
more difficult to investigate. 

A disorder of the ENS may be a primary disorder leading 
to CD. However, it is impossible on the basis of the data 
presented to differentiate between a primary disorder in the 
ENS and secondary changes that follow intestinal inflam- 
mation. Earlier manifestations of CD in the anal canal may 
have already altered the ENS and it is possible that previous 
damage to the anal canal may have occurred. However, this 
appears unlikely as no patient had had a perianal fistula or 
major perianal surgery in the past and only a few patients 
had undergone subcutaneous abscess drainage which does 
not affect anorectal function’’?!. Since drugs such as 
steroids or azathioprine, which are commonly used to treat 
CD, are not known to affect anorectal function, their use 
hardly explains the absence of the RAIR in so many patients 
with CD. Finally, inflammation in one part of the gut may 
cause alterations in the physiology of other distant areas of 
the bowel. Scott etal’? demonstrated that intestinal 
inflammation in the small intestine also results in activation 
of immune cells in the colon. Thus, manifestation of CD in 
one part of the gut may affect the physiology of the immune 
system in other gut regions that are macroscopically 
uninvolved. Owing to the complex interaction between 
immune cells and the ENS**?*, a latent inflammation in 
macroscopically uninvolved gut appears feasible! ®™ 
this could lead to dysfunction of the ENS. 

Patients with CD needed higher rectal distension 
volumes to reach the level of first sensation than volunteers. 
A similar observation has recently been made in patients 
with ulcerative colitis without relevant rectal inflamma- 
tion’*. Altered viscoelastic properties are unlikely to 
account for this as rectal compliance was similar in patients 
with CD and controls. Rectal capacity was investigated in a 
previous study that demonstrated no difference between 
normal volunteers and patients with CD without rectal 
inflammation’ ”. In contrast, increased sensitivity to disten- 
sion has been described in the inflamed rectum*”. 

Another striking finding of this study was the high 
prevalence of impaired faecal continence in patients with 





, and 
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CD. Although faecal incontinence is a frequent problem in 


patients with CD", external and internal anal sphincter 
function was similar in patients with CD and controls. 


Therefore, differences in faecal continence cannot be 


explained by differences in sphincter pressure. A reduced 
rectal reservoir or reduced adaptive relaxation of the rectum 
for the storage of faeces may also impair faecal continence’. 
However, this was unlikely to explain differences in faecal 
continence between patients with CD and controls, as there 
were no differences in rectal compliance and the maximum 
tolerated volume. Because the RAIR was absent in almost 
half of the patients with CD, it is likely that an intact RAIR is 
of major importance for continence in patients with CD. An 
impaired RAIR may have been especially significant for 
these patients as they frequently experienced episodes with 
loose stools and had higher stool frequencies than controls. 

In conclusion, dystunction of the RAIR is common in 
patients with CD compared with healthy volunteers. This is 
indicative of a functional disorder in the ENS. It is not 
known whether this is a generalized disorder or merely 
confined to the anorectum, and its pathogenesis remains to 
be determined. 


References 


| Fiocchi C. Inflammatory bowel disease. Etiology and 
pathogenesis. Gastroenterology 1998; 115: 182-205. 

2 Frederics DN, Relman DA. Sequence-based evidence of 
microbial disease causation: when Koch's postulation don’t fit. 
J NIH Res 1996, 8: 39-44. 

3 Morteleone G, Biancone L, Marasco R, Morrone G, Marsaco 
O, Luzza F er al. Interleukin 12 is expressed and actively 
released by Crohn’s disease intestinal lamina propria 
mononuclear cells. Gastroenterology 1997; 112: 1169-78. 

+ Kubota Y, Petras RE, Ottaway CA, Tubbs RR, Farmer RG, 
Fiocchi C. Colonic vasoactive intestinal peptide nerves in 
inflammatory bowel disease. Gastroenterology 1992; 102: 
1242-51. 


Collins SM. The immunomodulation of enteric 


Mt 


neuromuscular function: implications for motility and 
inflammatory disorders. Gastroenterology 1996; 111; 1683-99, 
Galeazzi F, Haapala EM, van Rooijen N, Vallance BA, Collins 
SM. Inflammation-induced impairment of enteric nerve 


6 


Sane? 


function in nematode-infected mice is macrophage dependent. 
Am F Physiol Gastrointest Liver Physiol 2000; 278: G259-65. 
Belai A, Boulos PB, Robson T, Burnstock G. Neurochemical 
coding in the small intestine of patients with Crohn’s disease. 
Gut 1997; 40: 767-74. 
Feher E, Kovacs A, Gailatz K, Feher J. Direct morphological 
evidence of neuroimmunomodulation in colonic mucosa of 
patients with Crohn’s disease. Newrotmmunomodulation 1997, 
4: 250-7. 
9 Kimura M, Masuda T, Hiwatashi N, Toyota T, N agura H. 
Changes in neuropeptide-containing nerves in human colonic 


oe | 


iw 


©) 2002 Blackwell Science Lid 


M. H. Mueller, M. E. Kress, M. L. Gross, H. D. Becker, T. T. Zittel and E. C. Jehle + Anorectal functonal disorders In Crohn’s disease 1031 


mucosa with inflammatory bowel disease. Pathol Int 1994; 44: 
624-34. 

10 Dvorak AM, Osage JE, Monahan RA, Dickersin GR. Crohn’s 
disease: transmission electron microscopic studies. HL Target 
tissues. Proliferation of and injury to smooth muscle and the 
autonomic nervous system. Hums Patho! 1980; 11: 620-34. 

11 Dvorak AM, Onderdonk AB, McLeod RS, Monahan Earley 
RA, Cullen J, Antonioli DA et al. Axonal necrosis of enteric 
gutonomic nerves in contment ileal pouches. Possible 
unplications for pathogenesis of Crohn’s disease. Aas Surg 
1993; 217: 260-71. 

12 Schneider J, Jehle EC, Starlinger MJ, Neunlist M, Michel K, 
Hoppe S et al. Neurotransmitter coding of entenc neurones in 
the submucosus plexus is changed ın non-inflamed rectum of 
patients with Crohn’s disease. Newrogastroenterol Motil 2001; 
13: 255-64. 

13 Lindgren S, Lilja B, Rosen I, Sundkvist G. Disturbed 
autonomic nerve function in patients with Crohn’s disease. 
Scand F Gastroenterol 1991; 26: 361-6. | 

14 Lindgren S, Stewenius J, Sjolund K, Lalja B, Sundkvist G. 
Autonomic vagal nerve dysfunction in patients with ulcerative 
colitis. Seend 7 Gastroenterol 1993; 28: 638-42. 

15 MacQueen G, Marshall J, Perdue M, Siegel S, Bienenstock J. 
Pavlovian conditioning of rat mucosal mast cells to secrete rat 
mast cell protease I. Saence 1989; 243: 83-5. 

16 Willams RM, Berthoud H-R, Stead RH. Vagal afferent nerve 
fibres contact mast cells in rat small intestinal mucosa. 
Nenroimmunomodalanon 1997; 4: 266-70. 

17 Gowers WR. The automatic acon of the sphincter ani. Proc R 
Soc Lond 1877; 26: 77-84. 

18 Gaston EA. The physiology of fecal continence. Serg Gynecol 
Obstet 1948; 87: 280-90. 

19 O’Riordian MJ, Molloy RG, Gillen P, Horgan A, Kirwan WO. 
Rectoanal inhibitory reflex following low stapled anterior 
resection of the rectum. Dis Colon Rectum 1992; 35: 874-8. 

20 Coller JA. Clinical application of anorectal manometry. 
Gastroenterol Clea North Am 1987; 16: 17-33. 

21 Miller R, Bartolo DCC, Cervero F, Mortensen NJMcC. 
Anorectal sampling: a comparison of normal! and incontinent 
patients. Br F Særg 1988; 75: 44-7. 

22 Duthie HL. Dynamics of the rectum and anus Cha 
Gastroenterol 1975; 4: 467-77. 

23 Schuster MM, Hendra TR, Mendeloff AL The internal anal 
sphincter response: manometric studies on its normal 
physiology, neural pathways, and alteration in bowel disorders. 
F Clem broest 1963, 42: 196-207 

24 Denny-Brown D, Robertson EG. An investiganon of the 
nervous control of defaecation. Brats 1935; 58: 256-310. 


©2002 Blackwell Science Led 


25 Goligher JC, Hughes ESR. Sensibility of the rectum and colon 
—1ts role in the mechanism of anal continence. Lencet 1951; i: 
543-8. 

26 Gordon PH. The anorectum. Anatomic and physiologic 
considerations in health and disease. Gastroenterol Cla North 
Am 1987; 16: 1-15. 

27 Emur H, Akman M, Sarimurat N, Kilic N, Erdogan E, Soylet Y. 
Anorectal manometry during the neonatal period: its 
specificity in the diagnosis of Hirschsprung’s disease. Esr 7 
Pediatr Surg 1999, 9: 101-3. 

28 Jehle EC, Haebnel T, Starlinger MJ, Becker HD. Level of the 
anastomosis does not influence fancnonal outcome after 
anterior rectal resection for rectal cancer. Am 7 Surg 1995; 169: 
147-52. 

29 Dvorak AM, Silen W. Differentiation between Crohn’s disease 
and other inflammatory conditions by electron microscopy. 
Arn Surg 1985; 201: 53-63. 

30 Ho YH, Tan M, Chui CH, Leong A, En KW, Seow-Choen F. 
Randomized controlled trial of primary fistulotomy with 
drainage alone for perianal abscesses. Dis Colon Rectum 1997; 
40: 1435-8. 

31 Sangwan YP, Schoetz DJ Jr, Murray JJ, Roberts PL, Coller JA. 
Perianal Crohn’s disease. Results of local surgical treatment. 
Dis Colom Recttom 1996; 39: 529-35. 

32 Scott RB, Tan DT, Miampamba M, Sharkey KA. Anaphylans- 
induced alterations in intestinal motility: role of extrinsic 
neural pathways. Am 7 Phystol 1998; 275: G812-221. 

33 Frieling T, Cooke HJ, Wood JD. Nearoummune 
communication in the submucous plexus of guinea pig colon 
after sensitization to milk antigen. Ams 7 Physiol 1994; 267: 
G1087-93. 

34 Chang L, Munakata J, Mayer EA, Schmulson MJ, Johnson TD, 
Bernstein CN et al. Perceptual responses in patients with 
inflammatory and functional bowel disease. Gut 2000; 47: 497- 
505. 

35 Buchmann P, Mogg GAG, Alexander-Williams J, Allan RN, 
Keighley MRB. Relationship of proctitis and rectal capacity ın 
Crohn’s disease. Gut 1980; 21: 137-40. 

36 Farthing MJ, Lennard-Jones JE. Sensibility of the rectum to 
distension and the anorectal distension reflex in ulcerative 
colitis. Gut 1978; 19: 64-9. 

37 McClane SJ, Rombeau JL. Anorectal Crohn’s disease. Surg 
Clin North Am 2001; 81: 169-83. 

38 Kangas E, Hiltunen KM, Matikainen M. Anorectal function in 
Crohn’s disease. Ann Cher Gynaecol 1992; 81: 43-7. 

39 Otto IC, Ito K, Ye C, Hibi K, Kasai Y, Akryama S et al. Causes 
of rectal incontinence after sphincter-preserving operations for 
rectal cancer. Dis Colon Rectum 1996; 39: 1423-7. 


wow. bjs.co.uk Brush Journal of Surgery 2002, 89, 1027-1031 


Originai article 


Multiple sectioning and immunohistochemical staining of 
sentinel nodes in patients with breast cancer 


K. Motomura, Y. Komoike, H. Inaji, Y. Hasegawa*, T. Kasugait, S. Noguchit and H. Koyama 


Departments of Surgery, "Nuclear Medicine and +Pathology, Osaka Medical Centre for Cancer and Cardiovascular Diseases, and Department of 


Surgical Oncology, Osaka University Medical School, Osaka, Japan 


Correspondence to: Dr K. Motomura, Department of Surgery, Osaka Medical Centre for Cancer and Cardiovascular Diseases, 1-3~3 Nakamichi, 


Higashinari-ku, Osaka 537-8511, Japan (e-mail: motomurak@hotmail.com) 


Background: The aim of the present study was to investigate whether focused analysis of sentinel nodes 
is more useful than routine haematoxylin and eosin examination of axillary lymph nodes obtained by 
axillary lymph node dissection. 

Methods: One hundred and fifty-two patients with breast cancer with clinically negative axillary nodes 
underwent successful sentinel node biopsy using a combination of dye and radioisotope, followed 
immediately by standard level I and I axillary lymph node dissection. Multiple sectioning, with 
haematoxylin and eosin and immunohistochemical analysis of sentinel nodes using cytokeratin antibody, 
was compared with single section and haematoxylin and eosin analysis of sentinel and non-sentinel 
nodes (routine examination). 

Results: A mean of 1-9 (range 1-12) sentinel nodes and 11-2 (range 4-24) nen-sentinel nodes were 
excised per patient. Metastases were detected in 44 patients (29 per cent) by single section and 
haematoxylin and eosin analysis of sentinel and non-sentinel nodes. An additional five patients (3 per 
cent) with metastases were detected by multiple sectioning and haematoxylin and eosin analysis of 
sentinel nodes. A further 20 patients (13 per cent) with metastases were identified by multiple 
sectioning and immunohistochemical analysis of sentinel nodes. Both haematoxylin and eosin and 
immunohistochemical analysis of sentinel nodes missed one patient with node metastases, which led to 
a false-negative rate of I per cent. 

Conclusion: Multiple sectioning and immunohistochemical staining of sentinel nodes identified 16 per 
cent more patients with positive axillary lymph nodes than routine haematoxylin and eosin examination. 


Presented as a poster at the Second International Sentinel Node Congress, Santa Monica, Los Angeles, California, 
USA, December 2000 
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introduction 


Axillary lymph node dissection for breast cancer provides 
precise staging and local control, but has significant long- 
term morbidity including upper arm pain, shoulder 
dysfunction, numbness and lymphoedema of the arm’*. 
Sentinel node biopsy was developed as an alternative to 
axillary lymph node dissection and is associated with less 
morbidity, but with a high accuracy in the prediction of 
axillary lymph node status“. 
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Another advantage of sentinel node biopsy is that focused 
analysis, such as multiple sectioning and immunohisto- 
chemical staining, is easy to perform because the mean 
number of sentinel nodes is only one to two per patient. 
Some researchers have reported that conventional single- 
section pathological analysis of axillary lymph nodes by 
haematoxylin and eosin staining fails to identify prognos- 
tically significant micremetastases in many patients. In the 
International (Ludwig) Breast Cancer Study Group, 9 per 
cent of 921 patients with negative axillary lymph nodes on 
routine haematoxylin and eosin single-section analysis were 
found to be node positive on serial sectioning’. These 
women had a significantly poorer 5-year disease-free 
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survival. The present study investigated whether focused 
analysis of sentinel nodes was more useful than conven- 
tional examination of axillary lymph nodes obtained by 
axillary lymph node dissection. 


Patients and methods 


Patients with breast cancer and clinically negative axillary 
nodes underwent sentinel lymph node biopsy at the Osaka 
Medical Centre for Cancer and Cardiovascular Diseases 
between December 1998 and July 2000. Patients with 
multiple primary tumours, non-palpable breast cancer, 
previous axillary surgery or pregnancy were excluded. 
Written consent was obtained from all patients. Sentinel 
node biopsy was performed using a dye and radioisotope 
technique as described previously®’. 

After sentinel node biopsy, level I and II axillary lymph 
node dissection was performed. Sentinel nodes and axillary 
lymph node dissection specimens were submitted sepa- 
rately for pathological examination. Each sentinel node was 
sliced into 2-mm sections, fixed and embedded in paraffin. A 
single 44m histological section was cut from each of these 
2-mm sections. Non-sentinel nodes were also fired and 
embedded in paraffin, and a single 441m histological section 
was cut. All sections were stained with haematoxylin and 
eosin. 

If a sentinel node was tumour negative on paraffin 
section, an additional 4-1m section was cut and subjected to 
immunohistochemical staining using the avidin—biotiny- 
lated peroxidase complex technique with mouse mono- 
clonal antibody against cytokeratin (NCL-CK19; 
Novocastra Laboratories, Newcastle, UK). 

The status of multiple sections of each sentinel node 
examined by haematoxylin and eosin and immunohisto- 
chemical staining using cytokeratin antibody was compared 
with that of one section of each sentinel and non-sentinel 
node examined by routine haematorylin and eosin staining 
in each patient. The biggest piece of sentinel node was 
selected from the haematorylin and eosin-stained slides of 
sentinel nodes and evaluated as one of the axillary lymph 
nodes. 


Reeuits 


One hundred and fifty-two patients with breast cancer and 
clinically negative axillary nodes underwent successful 
sentinel node biopsy. A mean of 1-9 (range 1-12) sentinel 
and 11-2 (range 4-24) non-sentinel nodes were excised per 
patient. Metastases were detected in 44 patients (29 per 
cent) by single section and haematoxylin and eosin analysis 
of sentinel and non-sentinel nodes. Multiple sectioning and 
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haematoxylin and eosin staining identified 48 patients (32 
per cent) with metastases in the sentinel node. Of these 
patients, five (3 per cent) had no metastases seen on single 
section and haematoxylin and eosin analysis of sentinel and 
non-sentinel nodes. The remaining 104 patients (68 per 
cent) had negative sentinel nodes by multiple sectioning and 
haematoxylin and eosin analysis. Only one patient (2 per 
cent) had metastases found by single section and haematox- 
ylin and eosin analysis of sentinel and non-sentinel nodes 
alone (false negative). 

Immunohistochemical staining of sentinel nodes identi- 
fied a further 20 patients (13 per cent) with metastases. Of 
these, nine had isolated tumour cells and 11 had tumonr cell 
clusters. Twenty-five patients (16 per cent) had metastases 
when examined by multiple sectioning and immunohisto- 
chemical analysis of sentinel nodes, but were negative when 
examined by single section and haematorylin and eosin 
analysis of sentinel and non-sentinel nodes. Only one 
patient (1 per cent) was negative on multiple sectioning and 
immunohistochemical analysis of sentinel nodes but 
positive for metastases by single section and haematoxylin 
and eosin analysis of sentinel and non-sentinel nodes. 


Discussion 


The sentinel node is the node most likely to harbour axillary 
lymph node metastases from breast cancer. Turner etal.’ 
demonstrated that the probability of non-sentinel node 
involvement is less than 0-1 per cent if the sentinel node is 
tumour free by both haematorylin and eosin staining and 
immunohistochemistry. Giuliano eta/.* analysed patients 
with only one involved lymph node and at least one sentinel 
node. Metastases were found in 72 per cent of sentinel nodes 
and in only 0-4 per cent of non-sentinel nodes (P < 0-001), 
suggesting that sentinel nodes were significantly more likely 
to contain metastases. Intensive examination of the sentinel 
node appears to be efficient for identifying metastases. 
Giuliano etal.” reported that sentinel node biopsy with 
focused histopathological analysis was more sensitive than 
axillary lymph node dissection with routine lymph node 
analysis (42 versus 29 per cent; P < 0-03). Dowlatshahi 
etal.'° reported that tumour metastases were found in 12 
per cent of patients when sentinel nodes were sectioned at 2- 
mm intervals and stained with haematoxylin and eosin, 
compared with 58 per cent of patients when the same 
sentinel nodes were sectioned serially at 0-25-mm intervals 
and stained with cytokeratin. 

In the present study, multiple sectioning and haematox- 
ylin and eosin analysis of sentinel nodes detected an 
additional five patients with metastases, 3 per cent more 
patients with metastases than routine examination of single 
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sections and haematoxylin and eosin analysis of sentinel and 
non-sentinel nodes. Multiple sectioning and immunchis- 
tochemical analysis of sentinel nodes detected a further 20 
patients with metastases, 16 per cent more than the routine 
examination. The false-negative rate of both haematoxylin 
and eosin and immunohistochemical analysis of sentinel 
nodes was | per cent. 

Breast cancer recurs within 5 years of surgery in 20-30 
per cent of patients with histologically negative nodes'’. 
Prospective randomized trials have shown that patients with 
negative nodes benefit from adjuvant therapy'*. Moreover, 
several studies have shown that focused analysis of axillary 
lymph nodes can detect micrometastases missed by routine 
single-section analysis. Patients with axillary lymph nodes 
containing micrometastases have a higher disease recur- 
rence rate and a lower overall survival rate than those with 
micrometastasis-free axillary lymph nodes”!*. The authors 
have reported previously that intraoperative imprint 
cytology of sentinel nodes could identify micrometastases 
overlooked by routine postoperative pathological examina- 
tion'*. Ten of 153 sentinel nodes in 101 patients were 
tumour positive on intraoperative imprint cytology, but 
negative on haematoxylin and eosin-stained paraffin 
sections. Micrometastasis was found in eight of these 
nodes by immunohistochemistry. These findings suggest 
that occult nodal disease was present in more than a few 
patients with negative nodes and was missed by conven- 
tional histological examination. 

Sentinel node metastases should be divided into three 
categories, macrometastases, micrometastases and isolated 
tumour cells; macrometastases and micrometastases may be 
of prognostic importance, whereas isolated tumour cells 
may nott’. Dowlatshahi et a/.'" reported that half of patients 
whose micrometastases were detected by serial sectioning 
and cytokeratin staining had isolated tumour cells and the 
remainder had tumour cell clusters. Similarly, in the present 
study micrometastases were detected in sentinel nodes from 
20 patients by tmmunohistochemistry, nine of whom had 
isolated tumour cells and 11 had tumour cell clusters 
smaller than 2 mm. The prognostic significance of such 
micrometastases is unknown at present. The interpretation 
of the clinical significance of micrometastases, especially 
isolated tumour cells, is an important issue and should 
influence the management of patients with breast cancer 
and sentinel node metastases. 

Focused analysis of sentinel nodes, either by multiple 
sectioning and/or immunohistochemical staining, can 
identify significantly more patients with involved axillary 
nodes. 
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Backgrounds Gastrectomy for carly gastric cancer is widely accepted as an adequate therapeutic 
method. Recent developments of less invasive procedures require the identification of patients who will 
benefit from such an approach. 

Methodes A retrospective study was undertaken of 238 patients with early gastric cancer who 
underwent gastrectomy from 1977 to 1999. Clinicopathological data relating to survival were evaluated. 
Reeulte: Analysis of 33 node-positive patients (14 per cent) revealed a tumour diameter greater than 
20 mm (P = 0-011), depressed macroscopic type (P < 0-05), diffuse histological type (R < 0-001), poor 
tumour differentiation (P < 0-001) and infiltration of the submucosal layer (P < 0-002) as factors 
associated with lymph node metastasis. Multivariate analysis found diffuse histological type to be an 
independent risk factor. The overall 5-year survival rate was 87 per cent, and was significantly better in 
patients who underwent radical lymphadenectomy than in those who had regional lymph node 
dissection (92 versus 78 per cent; P < 0-01). Similarly, patients younger than 65 years had a more 
favourable 5-year survival rate (90 per cent) than older ones (77 per cent). Multivariate analysis with the 
Cox proportional hazards model confirmed patient age and type of lymphadenectomy as independent 
prognostic factors. 

Conokusion: The findings suggest that extended lymph node dissection may be beneficial for some 
patients with early gastric cancer, although randomized clinical trials are needed to evaluate this 


observation further. 
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Introduction 


Gastric carcinoma remains a major cause of cancer death 
worldwide. While morbidity and mortality rates for gastric 
carcinoma are decreasing steadily in many countries, the 
overall outcome for patients with gastric carcinoma has not 
changed significantly in recent decades. The incidence of 
early gastric cancer varies between countries, reaching 
almost 40-60 per cent of cases in Japan. The prevalence of 
non-advanced tumours in the United States or Europe is 
considerably lower, and ranges between 4 and 20 per 
cent’”’. There are no detailed clinicopathological reports of 
patients with early gastric cancer from Eastern European 
countries, where the occurrence of gastric carcinoma is 
relatively high. In spite of the favourable 5-year survival rate 
of 90 per cent achieved by Japanese surgeons, slightly worse 
results have been reported from other centres and there is 
wide discrepancy in treatment strategies. Recently, local 
treatment for early gastric cancer by endoscopic mucosal 
resection (EMR) has been increasingly accepted as an 
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adequate therapeutic method avoiding traditional surgical 
complications, with 5-year survival rates exceeding 85 per 
cent”*’, Conversely many surgeons propose a more 
aggressive approach with radical lymph node dissection, 
resulting in prolonged survival", 

In the year 2000, gastric carcinoma in Poland caused 19-2 
and 7-3 deaths per 100000 for males and females 
respectively''. Asin other countries, the incidence of gastric 
cancer in Poland is decreasing, although Poland is still 
amongst those countries with high incidence and mortality 
rates for this carcinoma. In 1977 the Polish Gastric Cancer 
Study was started, with a grant from the Government and 
the State Committee for Scientific Research. Among the 
aims of this multidisciplinary and multicentre study, 
involving eight university surgical centres, were the 
improvement of detection and results of surgical therapy 
for early gastric cancer, 

The aim of the present study was to evaluate the 
clinicopathological pattern of early gastric carcinoma in a 
large series of patients from Poland and to characterize 
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factors influencing 5-year survival, with special reference to 
the extent of lymph node dissection. 


Patients and methods 


Between 1977 and 1999, 3696 patients underwent opera- 
tion for gastric cancer in a multicentre study performed by 
the Polish Gastric Cancer Study Group (PGCSG). Among 
this population 241 patients (7 per cent) were identified as 
having early cancer confined to the gastric mucosa or 
submucosa. The documentation included demographic 
data, clinical findings, details of the surgical procedures, 
histopathological parameters and follow-up data. 

Macroscopic type was assessed by applying the guidelines 
of the Japanese Gastric Cancer Association GCA): 
elevated (I, protruded; Ha, superficial elevated), flat (IIb, 
superficial flat) and depressed (type IIc, superficial 
depressed; HI, excavated)'?. Tumours containing two or 
more macroscopic types were classified according to the 
type with the worst prognosis. World Health Organization 
(WHO) and Laurén classifications were used for micro- 
scopic evaluation of the tumour’ >+. The residual tumour 
classification (R) of the Union Internacional Contra la 
Cancrum (UICC) was applied to assess the radicality of 
surgery performed'*. The regional lymph nodes were 
numbered and classified into groups according to the 
JGCA"’. Gastric resection based on the extent of lymph 
node dissection was classified as follows: regional gastric 
resection (D1) including complete removal of level 1 lymph 
nodes (groups 1-6); and radical gastric resection (D2) 
including complete removal of level 1 and 2 lymph nodes 
(groups I-11). These groupings were modified slightly 
depending on the location of the tumour. 

In each institution all resections were performed by one 
to three senior staff surgeons who specialized in gastro- 
intestinal surgery and the number of procedures ranged 
from 15 to 75 operations per centre annually. The extent of 
lymphadenectomy depended on the judgement and pre- 
ference of the surgeon. Tumour location and intraoperative 
verification of tumour-free resection margins were used to 
select patients for total or subtotal stomach resection. 
Splenectomy was performed routinely in the extended 
lymphadenectomy group (D2 resection) for proximal 
tumours. In a DI dissection, the spleen and tail of the 
pancreas were not resected. No adjuvant chemotherapy or 
radiotherapy was used. 

To identify the characteristics of early gastric carcinoma 
associated with nodal metastasis, patients with and without 
node involvement were compared with respect to the 
following clinicopathological factors: age, sex, family 
history of gastric carcinoma, single or multiple early gastric 
cancer’, tumour diameter and location, macroscopic type, 
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grade of tumour differentiation, microscopic pattern and 
depth of infiltration. 

Follow-up involved standardized clinical examinations. 
All patients were asked by mail to visit the outpatient 
department every 6 months after operation. In some cases 
the date of death was obtained from the Census Registry 


Office. 


Statistical analysis 


Univariate and multivariate analyses of risk factors asso- 
ciated with lymph node metastasis were performed using 
the x° test and logistic regression models respectively. 
Survival data for 188 patients operated on before 1996 were 
analysed by means of the Kaplan-Meier method"®, and the 
log rank test was used for assessment of differences between 
prognostic factors. Multivariate analysis of factors influen- 
cing 5-year survival was performed using the Cox propor- 
tional hazards model. P < 0-05 was considered statistically 
significant. Statistical analysis was performed with the 
Statistica 5-5™ (StatSoft, Tulsa, Oklahoma, USA) software 
package. 


Results 


Some 238 of the 241 patients were included in the analysis. 
There were 151 men (63 per cent) and 87 women (37 per 
cent); the mean age was 55 (range 25-87) years. Detailed 
clinicopathological characteristics of the study group are 
presented in Table 1. Both lymphadenectomy groups (D1 
and D2) were comparable with regard to clinicopathologi- 
cal factors and the incidence of co-morbid conditions 
(especially cardiac and lung disease). Only 43 patients (18 
per cent) were asymptomatic at the time of diagnosis. The 
most common presenting symptom, occurring in 195 
patients (82 per cent), was epigastric pain or discomfort. 

The most common location of early gastric cancer was 
the distal third of the stomach, where 51 per cent of the 
tumours were located (Table 1). Lesions within the upper 
and middle third of the stomach comprised 5 and 45 per cent 
of tumours respectively. In 15 cases (6 per cent) early gastric 
cancer was multifocal. Most patients (54 per cent) had a 
tumour diameter of less than 20 mm. Based on the Laurén 
classification, 138 tumours (58 per cent) were intestinal type 
and 100 (42 per cent) diffuse or mixed type. According to the 
WHO classification, nearly two-thirds of tumours (61 per 
cent) were well differentiated. Histopathological examina- 
tion in 125 cases (53 per cent) confirmed submucosal 
infiltration, while in the remaining 113 (47 per cent) the 
tumour was limited to the gastric mucosa. 

Metastases to the lymph nodes were found in 33 patients 
(14 per cent), and the number of positive nodes ranged from 
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Table 1 Patient characteristics 





Values in parentheses are percentages, unless stated otherwise. WHO, World Health Organization. *P < 0.05 (x° test); +P < 0-05 (Student's z test) 


1 to 13 (median 3). In five patients (2 per cent) metastases to 
the second station of lymph nodes were present. Positive 
lymph nodes were found most commonly in lymph node 
groups 3 and 4, according to the J]GCA guidelines. No cases 
with skip lesions were identified and location of metastatic 
lymph nodes was comparable in patients who underwent 
DI and D2 resections. Univariate analysis of factors 
predicting nodal involvement is presented in Table 2. 
Tumour diameter greater than 20mm (P = 0-011), 
depressed macroscopic type (P < 0-05), diffuse Laurén 
histological type (P < 0-001), poor tumour differentiation 
(P < 0-001) and infiltration of the submucosal membrane 
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(P < 0-002) were significantly associated with positive 
nodes. Multivariate analysis revealed Laurén histological 
type to be the only independent factor associated with 
lymph node involvement. 

A total of 188 patients (79 per cent) underwent subtotal 
gastric resection. Fifty patients (21 per cent) had total 
gastrectomy when the tumour was located in the proximal 
part of the stomach to obtain adequate tumour-free margins 
verified by intraoperative frozen sections. Splenectomy was 
performed in nine patients (6 per cent) for proximal 
tumours only in the D2 lymphadenectomy group. 
Regional lymphadenectomy (D1) was performed in 81 
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Table 2 Risk factors for lymph node metastasis by univariate 
analysis 





Values in parentheses are percentages. WHO, World Health 
~ ‘ a ? 
Organization. *%” test 


patients (34 per cent), and the remaining 157 (66 per cent) 
had a D2 resection. The mean(s.d.) number of lymph nodes 
retrieved in the surgical specimen was 12-0(8-6), signifi- 
cantly higher for D2 (14-5(9-2) nodes) than for D1 (7-4(4-6)) 
lymphadenectomy (P < 0-05). All resections were assessed 
as RO. 

The overall postoperative morbidity and mortality rates 
were 15 per cent (35 patients) and 1 per cent (two patients) 
respectively, with no significant difference between the 
lymphadenectomy groups. Because the number of D2 
resections with splenectomy was limited, no relationship 
could be identified between splenectomy and postoperative 
complications. There were no differences in complication 
rates between members of the PGCSG. Cardiopulmonary 
complications were the most most common (20 patients). 
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Table 3 Prognostic factors of long-term survival by univariate 
analysis 





WHO, World Health Organization. *Log rank test 


Remaining complications included wound infection 
(7= 11; 5 per cent), upper gastrointestinal bleeding 
(n = 2; 1 per cent) and anastomotic leakage with subsequent 
abdominal abscess (7 = 2; 1 per cent). Two patients with 
concomitant ischaemic heart disease died in the post- 
operative period from myocardial infarction. 

Data for survival analysis were available for all 188 
patients (100 per cent) operated on before 1996; the overall 
5-year survival rate was 87 per cent. Factors associated with 
survival determined by Kaplan-Meier and log rank analysis 
are presented in Table 3. On univariate analysis, there was 
no significant impact of tumour size, histopathological type 
or tumour differentiation. Moreover, a similar 5-year 
survival rate was observed regardless of the depth of 
infiltration (mucosa versus submucosa), lymph node invol- 
vement or the presence of concomitant cardiac or pulmon- 
ary disease. The only factors associated with prolonged 
survival were extended lymphadenectomy (92 versus 78 
per cent; P = 0.008) (Fig. 1 and Table 3) and age below 
65 years (90 versus 77 per cent; P = 0-033) (Table 3). The 
multivariate Cox regression model showed that regional 
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Time after operation (years) 


No at mak 
Radical ymphadenectorry 127 126 122 117 88 
Ragsonal fyrmohadenectomy 67 &9 65 50 40 


Fig. 1 Cumulative survival of panents treated by radical and 
regional lymphadenectomy. P = 0-008 (log rank test) 


lymphadenectomy (P< 0-014) and age greater than 
65 years (P < 0-035) were independent risk factors. 


Discussion 


The prognosis of patients with early gastric cancer remains 
very favourable compared with that for advanced tumours. 
Unfortunately, except in Japan, the incidence of early 
cincer is ]ow, ranging iron 10 to 20 per cent of patients with 
gastric cancer’>*:!’"!9_ In spite of encouraging 5-year 
survival rates for early gastric carcinoma, reported to be as 
high as 90 per cent, many controversial questions have been 
raised concerning the optimal therapeutic approach. Some 
authors have suggested that early gastric cancer can be 
treated effectively by less invasive surgery and endoscopic 
techniques in selected groups of patients?” Following 
EMR, the average survival is comparable to the results of 
open surgery with a recurrence rate of about 5 per cent. In 
contrast to open operation, EMR and laparoscopic 
procedures reported recently were performed almost with- 
out complications. On the other hand, other authorities 
advocate radical gastrectomy with en bloc lymphadenectomy 
for all patients'?**7°, 

Although the incidence of lymph node metastases in early 
gastric carcinoma is low, numerous studies have shown that 
the presence of metastatic nodes is associated with a worse 
prognosis? 182369 Many authors have therefore 
attempted to identify clinicopathological criteria that 
predict a low probability of nodal involvement. The 
presence of nodal metastases is closely related to submu- 
cosal invasion, tumour size, poor differentiaton and 
lymphatic invasion*'?**°, Numerous studies have also 
shown the importance of macroscopic type according to the 
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JGCA and assessment of tumour growth pattern? 92071, 
The present study indicated that diffuse type, poor 
differentiation, tumour diameter greater than 20 mm, 
infiltration of the gastric submucosa and depressed macro- 
scopic type were all associated with lymph node involve- 
ment. Contrary to other studies, however, the presence of 
lymph node metastasis was not a prognostic factor in 5-year 
survival. Such findings have been reported rarely’*’’ and 
may suggest that the primary lesions were underestimated. 

The average number of lymph nodes dissected in both 
groups is relatively low and depends largely on the diligence 
of the pathologist. Because low lymph node count could 
result in understaging, stage migration could be occurring 
here. The inappropriate assessment of lymph node status is 
probably due to the tumour emboli that are frequently 
found in the peripheral sinusoids of the nodes and can be 
easily overlooked'®**, Recent studies have shown the 
significance of such micrometastases by means of immu- 
nohistochemical techniques?’ ?®. Identification of micro- 
metastatic disease in lymph nodes, missed by routine 
haematoxylin and eosin staining, results ın tumour upsta- 
ging and is associated with a less favourable prognosis’’””*. 
Similar observations have been made ing microinva- 
sion of tumour cells in the muscularis propria”®. 

Although the characteristics of patients with early gastric 
cancer and lymph node metastases have been reported from 
many institutions, the extent of lymph node dissection for 
early gastric carcinoma remains controversial. Based on a 
low probability of lymph node involvement, some authors 
recommend limited surgery or endoscopic techniques in the 
treatment of selected patients with early gastric cancer. 
Unfortunately, even with endoscopic ultrasonography, it is 
difficult to predict the depth of invasion and to exclude 
nodal metastasis confidently before operation®’””. In 
addition, the presence of synchronous lesions in 5—13 per 
cent of cases often means that total gastrectomy is required 
to obtain adequate resection margins”. 

Although metastatic lymph nodes are usually found to 
affect outcome adversely, many studies report significant 
benefits following radical lymphadenectomy in early gastric 
cancer™!??%* although others suggest only local dissec- 
tion?’, The present study revealed that radical lymphade- 
nectomy significantly prolonged the 5-year survival rate (92 
versus 78 per cent; P < 0-01) regardless of lymph node status 
(Fig. I), although the influence of the type of lymphade- 
nectomy performed on survival in node-positive cases was 
not assessed because of the small study group size. 

It is still not clear why D2 resection prolongs survival. 
This observation can be explained in two ways. The inci- 
dence of metastases to the second tier of lymph nodes and 
skip metastases to extraperigastric lymph nodes is reported 
in up to 9 and 7 per cent of cases respectively “17°42? Thus, 


www. bys.co.uk British Journal of Surgery 2002, 89, 1035-1042 


1040 Surgery for early gastric cancer + T. Popiela, J. Kulig, P. Kolodziejezyk er al. 


a D1 lymphadenectomy will fail to identify positive nodes at 
this level. Radical dissection of lymph nodes eliminates 
micrometastatic disease and prevents further dissemination 
of tumour cells. 

similar morbidity and mortality rates observed in the 
present study, regardless of the extent of lymphadenectomy, 
suggest that radical dissection does not increase the 
perioperative complication rate, an observation made by 
others'’****, Two large randomized studies have, however, 
demonstrated higher mortality and morbidity rates asso- 
ciated with extended lymphadenectomy’, related lar- 
gely to distal pancreatectomy and splenectomy, which are 
not necessary during gastrectomy for early gastric carci- 
noma. Resection of the spleen and tail of the pancreas may 
be necessary for the complete removal of lymph node 
stations 10 and 11 in patients with proximal tumours. As 
proximal tumours in the extended lymphadenectomy group 
occurred in only 6 per cent of cases (nine patients), 
splenectomy was performed only in this small group of 
patients. This may explain the discrepancy in the rates of 
postoperative complications between this study and the 
above-mentioned trials. 

The prognosis of patients with early gastric cancer 
confined to the mucosa is usually reported to be better 
than when there is invasion of the submucosa!??7?°, 
Nevertheless, some authors have shown that depth of 
infiltration does not influence long-term outcome in 
patients with early gastric carcinoma”? +3246, The present 
findings on that the 5-year survival rate in cases 
limited to the gastric mucosa (89 per cent) was slightly 
better than that for patients with tumours infiltrating the 
submucosa (85 per cent), although this difference was not 
staustically significant. Age was an independent prognostic 
factor in this study, which has not been consistently 
described by others. There is some variation concerning 
the relevance of many other prognostic factors, although 
undifferentiated, diffuse type and larger tumours are 
more consistently associated with a worse long-term 
survival?! 7-1924.27,30,32,46,47, 

Preoperative and operative staging of early gastric 
carcinoma is still inaccurate, and the depth of tumour 
penetration or lymph node status in individual cases cannot 
be decided with certainty before histopathological con- 
firmation. Furthermore, gastrectomy with extended lym- 
phadenectomy can be performed with a low complication 
rate and was found to improve 5-year survival significantly. 

As this study was non-randomized, there may be an 
element of bias. Therefore, the final conclusion that 
extended lymph node dissection (D2) is beneficial for 
patients with early gastric cancer should be considered 
carefully: randomized trials are needed. 
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Evaluation of more accurate systems of staging for early 
gastric cancer (i.e. growth pattern according to Kodama — 
classification based on tumour size, depth of infiltration and 
type of invasion of the muscularis mucosa) or molecular 
analysis of lymph node micrometastases may identify 
patients who can benefit from less aggressive therapy. 
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Background: The aim was to study the long-term tissue response to polypropylene mesh. 


Methods: This was a retrieval study that investigated 76 polypropylene meshes with a median 
implantation interval of 18 (range 2-180) months. Mesh was explanted following hernia recurrence, 
infection or pain. The median implantation interval was 20 (range 4-180) months in the recurrence 
group, 30 (range 5-48) months in the pain group and 10 (range 2-56) months in the infection group 
(P < 0-05, infection versus pain or recurrence). The inflammatory response was determined by 
immunohistochemistry of macrophages (CD68), polymorphonuclear granulocytes (CD15) and T and B 
lymphocytes (CD3 and CD20). The cell turnover within the interface mesh fibre-recipient tissue was 
measured by TUNEL for apoptosis or DNA strand breaks, Ki67 for cell proliferation and heat-shock 
protein (HSP) 70 for cell stress. 

Results: With the exception of HSP-70, levels of all variables decreased over time. Sex, age, type of 
previous operation or location of the mesh did not have a significant influence. 

Conclusion: Long-term incorporated polypropylene mesh in humans has a more favourable tissue 


response with increasing implantation interval. 
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introduction 


In the 1960s the introduction of surgical mesh was a 
revolutionary and unorthodox step in hernia repair. 
Modern hernia surgery is no longer imaginable without 
the application of these biomaterials, leading to about one 
million implantations each year worldwide. The net-like 
alloplastic mesh is used to close the hernia detect and, with 
extended overlap, to reinforce the abdominal wall. 

Surgical mesh is regarded as inert and biocompatible. 
However, knowledge about the long-term biocompatibility 
and tissue response of mesh in humans is still poor, although 
a few reports exist”. Nearly all the available data on the 
biological behaviour of these implants are from animal 
experiments". 

The aim of the present study was to evaluate the 
biocompatibility of surgical mesh that was explanted as a 
result of a clinical complication such as infection, hernia 
recurrence or chronic pain. All mesh specimens were 
collected between 1995 and 2001 at different European 
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centres of hernia surgery and sent to the Centre of 
Biomaterial and Implant Pathology, Aachen. The aim was 
to study the local tissue reaction at the interface between 
surgical mesh and recipient tissue, and to identify changes 
that occurred since implantation, similar to a previous 


16 
study Ps 


Materials and methods 


Tissue samples 


Seventy-six full explants of a standard polypropylene mesh 
(Marlex, CR Bard, Murray Hill, New Jersey, USA) were 
collected after revision operations at various hospitals in 
Europe. All mesh specimens were originally implanted for 
abdominal wall hernia repair. The mesh had been 
implanted in the groin (# = 49, 64 per cent) or in the 
anterior abdominal wall (7 = 27, 36 per cent), either in the 
inguinal subfascial area using the Lichtenstein method 
(7 = 29, 38 per cent), in the preperitoneal submuscular 
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space by open or laparoscopic procedures (7 = 32, 42 per 
cent) or in front of the fascia in an onlay position (7 = 15,20 
per cent). Immediately after explantation all mesh samples 
were fixed in 10 per cent buffered formalin at the donating 
centre and sent by mail to the Institute of Pathology in 
Aachen, together with relevant clinical data. 


Morphological study 


All mesh specimens were studied by light microscopy. 
Tissue samples were sliced into 0-3 X 1-0 cm pieces from 
representative lateral parts and from the centre of the mesh, 
and embedded in paraffin. Additionally, visibly striking 
areas, such as folds or node formations, were investigated. 
Between ten and 15 sections 4 um thick were stained with 
haematoxylin and eosin, as well as with periodic acid Schiff 
plus diastase and Elastic van Gieson. 


Immunohistochemistry 


Light microscopy was complemented by immunohisto- 
chemistry, which was performed on paraffin-embedded 
material using the avidin-biotin complex method with 
diaminobenzidine as chromogen. The procedure was 
repeated twice for each sample at different timepoints. 


Antibodies 


Antibodies used in this study included polyclonal rabbit 
antihuman CD3 (DAKO, Hamburg, Germany) 1 : 50 as 
pan-marker for T lymphocytes, polyclonal rabbit antihu- 
man CD20 (DAKO) 1 : 50 as pan-marker for B lympho- 
cytes, monoclonal mouse antihuman CD68 (DAKO) 1 : 50 
as a pan-marker for macrophages, monoclonal antihuman 
CD15 (Becton Dickinson, Heidelberg, Germany) 1 : 10 as 
a marker for polymorphonuclear granulocytes (PMNs), 
polyclonal rabbit anti-heat-shock protein (HSP) 70 
(DAKO) 1 : 200 and monoclonal anti-HSP-70/heat-shock 
core protein 70 (BIOMOL, Hamburg, Germany) 1 : 200 as 
markers for the cell stress response, and monoclonal human 
Ki67 (= MIB1) (DIANOVA, Hamburg, Germany) 1 : 10 as 


a marker of cell proliferation. 


TUNEL 

TUNEL histochemistry was performed by means of an in 
situ apoptosis detection kit (Apoptag”; Oncor, Hamburg, 
Germany). All steps were done according to the supplier’s 
instructions. Briefly, paraffin-embedded sections 4 um 
thick were taken from each mesh specimen, fixed to slides 
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by heating at 60°C, deparaffinized and rehydrated. After 
digestion with 0-02 per cent trypsin in phosphate-buffered 
saline (PBS) at room temperature and washing in PBS, the 
sections were incubated in buffer A (potassium cacodylate 
200 mmol/l, Tris 0-025 mmol/l, bovine serum albumin 
0.25 mg/ml, pH 6-6) for 5 min. The sections were then 
incubated with a labelling solution containing terminal 
digoxin-labelled thymidine, biotinylated-16-2’-deoxyuri- 
dine 5’-triphosphate and cobalt chloride 1-5 mmol/l in 
buffer A at 37°C for 1 h. The reactions were terminated by 
rinsing in a buffer containing sodium chloride 300 mmol/l 
and sodium citrate 30 mmol/l, pH 7. The sections were 
washed three times in PBS for 5 min. For light microscopy, 
the labelled DNA fragments were visualized by incubating 
the sections with streptavidin-conjugated alkaline phos- 
phatase followed by reaction with medium containing fast 
red as chromogen. The slides were then washed, counter- 
stained with methyl green and mounted in Permount® 
medium (Merck, Darmstadt, Germany). 


Morphometry 


Morphometric evaluation consisted of a quantitative cell 
analysis of the inflammatory reaction and soft tissue 
reaction. Variables measured were the percentage share 
area of the inflammatery infiltrate (partial volume), 
connective tissue and vessels, as well as the percentage of 
macrophages, lymphocytes, PMNs and fibroblasts, includ- 
ing the expression of TUNEL, Ki67 and HSP-70 in these 
cells. 

The share areas were cetermined in five haematoxylin 
and eosin-stained slides at a grid of ten fields (0-300 um; 
100 X, area 0-1 mm’) in ten random fields per slide. The 
number of cells was counted again with a grid of ten points 
in the interface mesh fibre-recipient tissues (0-150 um, 
400 X, area 625 um’) in ten fields per slide. 


Statistical analysis 


‘The influence of the clinical variables on the tissue response 
was tested for significance by analysis of variance with 
least significant difference modification according to 
Bonferroni. The Pearson correlation coefficient was 
calculated as an indicator of the association between the 
implantation interval and morphometric data. Multivariate 
analysis was used to verify independent effects for indica- 
tion, implantation time, implantation technique and mesh 
location, patient sex and age. Statistical significance was 
assumed at P < 0-05. All data are shown as mean(s.d.) unless 
otherwise stated. 
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Fig. 1 Typical histological aspect after a 12 months and b 

180 months of implantation; note the decreased inflammatory 
reaction at the interface and the surrounding scar formation after 
180 months (b). M, mesh fibre (haematoxylin and eosin stain, 
original magnification X 200) 


Results 


Between 1995 and 2001 a total of 76 explanted specimens of 
polypropylene mesh (Marlex”) were collected. The mesh 
came from 52 men and 24 women with a mean age of 55(11) 
and 52(15) years respectively. Eight patients were below the 
age of 40 years. The main indications for explantation were 
infection (n = 19, 25 per cent), chronic pain (7 = 10, 13 per 
cent) or hernia recurrence (n = 47,62 per cent). The median 
duration of incorporation was 20 (range 4-180) months in 
patients who had mesh removal for recurrence, 30 (range 5- 
48) months for pain, and 10 (range 2-56) months for 
infection (P < 0-05, infection versus pain or recurrence). 
There were no significant differences between the three 
groups with regard to implantation procedure or patient 
sex. Patients with an onlay mesh were significantly older 
(61(13) years) than those with a preperitoneal mesh 
(51(12) years) (P < 0-05) or an inguinal, subfascial mesh 
(54(13) years). Some 28 per cent of all reoperations for 
recurrent hernia were performed within 1 year of mesh 
implantation, 58 per cent within the first 2 years and 24 per 
cent after 3 years. The rate of infection was similarly 
distributed between both sexes and all locations. 


General macroscopic and microscopic observations 
(Fig. 1 and Table 1) 


All removed polypropylene mesh had an intense scar 
formation with considerable shrinkage and folding. In 
most cases, fixation sutures were still in place. All mesh 
demonstrated a chronic persisting foreign body reaction 
with formation of a fibrous capsule, even years after 
implantation. Overt infection increased the local inflam- 
matory response and in most cases decreased the induction 
of connective tissue. 


Table 1 Tissue response around polypropylene mesh removed for hernia recurrence, pain or infection 


Recurrence Pain Infection 
Duration of incorporation (months)  — 29-8(30-4) 28-3(17-0) 14-2(12-8)* 
Partial volume of inflammatory infiltrate (%) 34-8(12-1) 34-6(12-4) 44,.9(9-5)* 
Partial volume of connective tissue (%) 41-2(8-6) 35-0(8-8) 30-8(11-7)t 
Partial volume of vessels (%) 9-8(2-3) 9-6(2-4) 8-3(2-3)+ 
Macrophages 36:6(7-9) 35-5(5-8) 44-5(11-6)° 
hoard granulocytes 7-8(3-1) 7-4(4-8) 18-0(3-6)" 
_ymphocytes 7-0(3-2) 7-0(2-5) 9-0(3-8)t 
Fibroblasts 16-7(6-5) 16-6(7-4) 13-0(5-3)+ 
TUNEL (% positive) 24-6(12-4) 24-5(9-1) 40-6(15-6)" 
Ki67 21-1(9-5) 23-2(11-2) 31-5(13-9)t 
HSP-70 50-6(21-7) 45-5(21-9) 23-7(14-1)" 


Values are mean(s.d.). HSP, heat-shock protein. *P < 0-05 versus recurrence or pain, +P < 0-05 versus recurrence (least significant difference 


Bonferroni test) 
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A predominant foreign body reaction with typical foreign 
body granulomas including epitheloid cells and giant cells 
was observed. Smaller numbers of PMNs were detected 
regularly at the interface between mesh and recipient 
tissues. The inflammatory process was accompanied by a 
pronounced perifilamentous fibrosis with extensive deposi- 
tion of collagen fibres. In the interface of the mesh the 
collagen fibres were basically orientated parallel to the 
polypropylene threads. In addition, the pores were filled 
with collagen-rich connective tissue. The polypropylene 
mesh was integrated in a complete three-dimensional scar 
plate. 


Tissue and cellular response (Fig. 2) 


There were no significant differences between mesh 
removed for pain and mesh removed for recurrence with 
regard to inflammatory partial volume, partial volume of 
vessels and connective tissue, and the number of macro- 
phages, PMNs, lymphocytes, fibroblasts and cells positive 
for TUNEL, Ki67 or HSP-70. 

Comparison of all data indicated a significant effect of 
incorporation interval (P < 0-01), with a decrease in the 
partial volume of inflammatory cells (r =- 0-651). In 
contrast, the amount of connective tissue (r = 0-189) and 
the partial volume of vessels remained constant over time 
(7 = 0-047). The amount of fat tissue correlated inversely 
with the level of scar formation (r = ~ 0-556). 

The time course of the inflammatory infiltrate corre- 
sponded to a similar decrease in the relative cell numbers in 
the interface between surgical mesh and recipient tissues, in 
particular of macrophages (r =~ 0.478) and PMNs 
(7 = — 0-522). Simultaneously, the local cell turnover was 
markedly lowered (Ki67; r = ~0-494). The number of 
TUNEL-positive cells in the interface decreased with time 
(r = ~ 0-508, P < 0-01), although in the case of mesh 
infection, ata raised level (P < 0-01). Over time the number 
of fibroblasts remained almost constant or even decreased 
(r = ~ 0-161; P = 0-16). In contrast, a marked increase in 
HSP-70-positive cells was detected (r = 0-530) with 
increasing implantation interval. 

A high partial volume of inflammatory infiltrate 
(r = 0.592, P < 0-01) with increased numbers of macro- 
phages (r = 0-389, P<0-01) and PMNs ( = 0-701, 
P < 0-01) was significantly associated with an increased 
level of TUNEL-positive and proliferating cells (r = 0-619, 
P < 0-01) and, in contrast, to a decreased expression of 
HSP-70 @ = ~ 0-812, P < 0-01) asa marker of the cell-stress 
response. 

Finally, the presence of infection led to a significant 
increase in macrophages, PMNs and lymphocytes and a 
decrease in fibroblasts (P < 0-05). 
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Discussion 


Modern surgical hernia repair depends increasingly on 
synthetic mesh for reconstruction of the abdominal wall. 
Despite the undisputed advantage of the polypropylene 
mesh currently available, reports of complications after 
imp/antation are increasing. Minor local complaints such as 
seroma, discomfort and decreased abdominal wall mobility 
are irequent, and observed in about one half of patients. 
Serious complications such as recurrence, chronic and 
persisting pain and infection, including fistula formation, 
are rare’ °°, but sometimes force a surgeon to remove the 
surgical mesh. Mesh specimens obtained as a result of 
reoperation offer a unique insight into the long-term 
behaviour of these implants and therefore an overview of 
their biocompatibility. 

It is surprising that data about the long-term biocompat- 
ibility of surgical mesh, which has now been in clinical use 
for more than 40 years, are not available. Mesh now 
represents numerically the largest group of alloplastic 
implants most frequently used in modern medicine. Since 
1995 the authors have systematically collected and analysed 
explanted surgical mesh specimens. By 2001 approximately 
350 samples of various mesh modifications had been 
gathered from hernia centres from all over Europe. In the 
present study a group of 76 Marlex” mesh specimens was 
selected to investigate the local reaction of tissues in contact 
with the mesh. The main questions to be answered were 
whether the tissue response changed over time and whether 
morphological data could be correlated with the reason for 
mesh removal. It should be stressed that the findings cannot 
simply be extrapolated to mesh in uncomplicated hernias; 
failure of mesh repair due to technical problems during the 
operation cannot be excluded in this study. 

Analysis of the local tissue response indicated a uniform 
reaction of all patients to the polypropylene mesh. While 
the quantity and severity of the typical inflammatory 
reaction varied considerably between patients, the nature 
of the reaction was identical. Moreover, the tissue response 
in humans was almost identical to the morphological 
observations in various animals models?> 115152, These 
data clearly document an increase in the biocompatibility of 
polypropylene mesh during long-term implantation. Over 
time, there was a decreased inflammatory reaction and an 
increase in HSP-70 expression running inversely to the level 
of inflammation”. Even 15 years after implantation, the 
longest observation in this study, a persisting chronic 
foreign body reaction could still be detected, implying that 
mesh is never completely inert with respect to local 
inflammatory processes. 

In conjunction with the increasing biocompatibility 
during implantation, most of the serious complications 
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Fig. 2 Tissue and cellular response to standard polypropylene 
mesh removed for recurrent hernia, pain or infection according 
to time after insertion. Values are mean(s.d.). a Partial volume of 
all inflammatory cells, b partial volume of connective tissue 
formation, ¢ percentage of TUNEL-positive cells, d percentage 
of Ki67-positive cells and e percentage of heat-shock protein 
(HSP) 70-positive cells 


www. bjs.co.uk British Journal of Surgery 2002, 89, 1043-1048 


1048 Long-term biocompatibility of polypropylene meshes » B. Klosterhalfen, K. Junge, B. Hermanns and U. Klinge 


that required reoperation, namely recurrence, chronic pain 
or infection, occurred within 3 years of implantation. 
Whether the increased foreign body reaction and inflam- 
matory response in the first 3 years of mesh incorporation is 
causally related to the observed rate of serious complica- 
tions, or whether it just reflects the selection of mesh failures 
for study, remains open to conjecture. Complications 
5 years after implantation were extremely rare in all mesh 
samples recorded in Aachen. However, the delay before 
explantation of mesh for infection of up to 56 months, for 
chronic pain of up to 48 months and for recurrence of up to 
180 months indicated that in many clinical studies the 
morbidity rates are underestimated. 

Not surprisingly, the tissue response was most affected by 
concomitant infection, leading to a significantly enhanced 
inflammatory reaction. However, it was striking that there 
was little difference in inflammatory response in mesh 
removed for recurrence or chronic pain, contradicting the 
possibility ofa specific tissue reaction as an underlying cause 
for either complication. 
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Backgrounc: Little is known about the incidence and causes of herniation, and the results of hernia 
repair in patients undergoing liver transplantation. Likewise, nothing is known about the best surgical 
approach for hernia repair. 

Methode: A retrospective analysis was conducted of the occurrence of incisional hernia in 290 patients 
who had liver transplantation between 1990 and 2000, and survived more than 6 months. Follow-up 
data were obtained from medical records and the outpatient service. Patients were evaluated for various 
clinical and surgical factors. Hernias were analysed with respect to localization, type of surgical repair 
and recurrence rate. 

Reeuttes Some 17 per cent of the transplanted patients experienced an incisional hernia. Risk factors 
were acute rejection with affiliated steroid bolus therapy (P = 0-025), a low platelet count after 
transplantation (P = 0-048), and a transverse abdominal incision with upper midline approach (P = 0-04). 
Hernias were mainly located at the junction of the transverse and midline incision (P < 0-001) and the 
recurrence rate was highest here (P = 0-007). Prosthetic hernia repair achieved the lowest rate of 
recurrence and did not increase the incidence of infectious complications. 

Conctusion: Improved immunosuppression should avoid early steroid bolus therapy after 
transplantation. A low platelet count promotes herniation. Transverse abdominal incision seems to be 
the best approach for liver transplantation. Prosthetic hernia repair does not increase the complication 


rate. 
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Introduction 


Incisional hernia is acommon complication in conventional 
abdominal surgery. Several studies have shown that 
incisional hernias have different aetiologies, which are 
related to the patient’, the surgical technique’, the suture 
material’ and the experience of the surgeon’. 

Patients with advanced and chronic liver disease have a 
high operative risk with increased mortality and morbidity 
rates’. In these patients the abdominal wall 1s stressed by 
chronic ascites and a large incision. Patients after liver 
transplantation therefore represent an excellent group in 
which to investigate causative factors and analyse the 
surgical procedure of incisional hernia with regard to 
major surgery. Although several studies have addressed the 
problem of incisional hernia in abdominal surgery, none has 
studied patients after liver transplantation. Furthermore, 
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there is no information available on the effect of different 
surgical procedures and the techniques of repair in this 
group of patients. 

This study analysed the incidence, causative factors and 
location of incisional hernias in patients after liver 
transplantation. The type of surgical repair, incidence of 
complications and the rate of recurrence were of special 
interest. Furthermore, the effect of immunosuppression, 
and the incidence of rejection and rejection therapy were 
examined in patients after liver transplantation in regard to 


herniation. 


Patients and methods 


A total of 290 adult patients who had liver transplantation at 
the University Clinic of Essen between January 1990 and 
June 2000 with a postoperative survival of more than 
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6 months were investigated. Patients were divided in two 
groups on the basis of postoperative incisional hernia 
(n = 50) or no hernia (n = 240) after liver transplantation. 
All patients were followed up as outpatients in this 
department. The patients were examined physically and 
analysed for gender, age, underlying disease, follow-up, 
Child~Pugh class, diabetes, chronic obstructive pulmonary 
disease and history of previous abdominal surgery. 

The body mass index (BMI = weight (kg)/height (mY) 
was measured three times in both groups: (1) at the time of 
listing for liver transplantation, (2) at the time of liver 
transplantation and (3) at the time of incisional hernia 
operation or an equivalent time (18-24 months) after liver 
transplantation in patients who did not develop an 
incisional hernia. 

The operating time for liver transplantation was docu- 
mented in each group to estimate the duration of tissue 
compression effected by the retractor system. The course of 
total serum bilirubin and the number of platelets were 
analysed during the first 10 days after operation to 
determine their impact on the occurrence of incisional 
hernia. The regimen of immunosuppression and incidence 
of acute rejection episodes during the first 4 weeks after 
liver transplantation were also investigated. Only histo- 
logically confirmed acute rejection episodes with subse- 
quent steroid treatment were included. 

The incidence and type of abdominal incision before liver 
transplantation was examined, and abdominal reoperations 
within | month of operation and during long-term follow- 
up after liver transplantation were evaluated. Abdominal 
reoperations after liver transplantation were always carried 
out via the incision made during liver transplantation. 
Patients received a transverse incision with or without an 
upper midline incision, Closure of the abdominal incision 
was performed with a running polydioxanone sling suture in 
one layer using a mass technique. The skin was closed with 
interrupted monofilament sutures. Wound infection was 
defined as the secretion of purulent fluid from the incision 
line with or without surgical intervention and with or 
without secondary wound healing. 

In patients with incisional hernia the following hernia 
localizations were defined: upper midline incision, right 
transverse incision, left transverse incision, and junction of 
upper midline and transverse incision. Incisional hernias 
were either closed by reapproximation of the fascia or by the 
Mayo technique, with or without a mesh graft. The suture 
material was a polydioxanone loop with running closure in 
the case of fascia reapproximation. In the Mayo technique, 
absorbable sutures were used. Mesh implants were either 
absorbable or non-absorbable with the onlay or sublay 
technique. All patients received subcutaneous wound 
drainage and antibiotics for 3 days after operation. 
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Recurrence of hernias, their localization and complications 
were also investigated. Incisional hernias in all but one 
patient underwent repair in this department. 

Statistical analysis of continuous variables was done using 
t test for unpaired data. Frequency data were analysed by x° 
test with Yates’ correction and the Mann-Whitney rank 
sum test if appropriate. 


Results 


Causative factors of incisional hernia after liver 
transplantation 


The incidence of incisional hernia after liver transplanta- 
tion was 17 per cent (7 = 50). There was no difference in the 
sex ratio or age between patients who did or did not develop 
an incisional hernia. Furthermore, there were no statistic- 
ally significant differences in the distribution of disease, 
Child-Pugh class, incidence of diabetes and chronic 
obstructive pulmonary disease, and follow-up time between 
the groups (Table 1). 

With regard to the incidence of previous abdominal 
surgery before liver transplantation, 14 patients (28 per 
cent) with incisional hernia had experienced a total of 24 
interventions, compared with 73 (30 per cent) of patients 
without a hernia who had undergone a total of 118 
interventions (P not significant). 


Table 1 Incidence of demographic and preoperative risk factors 
for incisional hernia 





*Values in parentheses are percentages; values are tmean (range). PSC, 
primary sclerosing cholangivs; PBC, primary biliary cirrhosis 
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Although obesity is rare in liver cirrhosis, many of these 
patients experienced a marked variation in body-weight 
owing to the treatment of ascites and during the operative 
procedure of liver transplantation. In addition, chronic 
ascites caused a continous mechanical stress on the 
abdominal wall. Besides the Child level, the body-weight 
was investigated in both groups at three different timepoints 
in order to evaluate its influence on the development of 
incisional hernia. BMI was measured at the time of listing 
for liver transplantation and at the time of transplantation. 
The third BMI measurement was related to the date of 
incisional hernia repair. In the hernia group, the mean(s.d.) 
interval between liver transplantation and hernia operation 
was 22(16) months. Patients without incisional hernia were 
analysed for BMI between 18 and 24 months after liver 
transplantation. In patients with a shorter follow-up, the 
BMI at the time the patient was last weighed was calculated. 
Comparison of BMI between the two groups revealed no 
significant differences. Moreover, the mean BMI did not 
show any variation within each group between the three 
measurements (Table 2). 

Exposure of the upper abdomen during liver transplanta- 
tion requires a huge wound retractor system, which leads to 
long-term compression of the incisional margin during the 
procedure. To verify whether this stress on the wound 
margin was involved in the pathogenesis of incisional hernia 
after liver transplantation, the duration of operation was 


examined; however, the operation time was similar in both 
groups. 

To evaluate whether any clinical factors or wound 
healing affected the occurrence of incisional hernia, total 
serum bilirubin, the number of platelets, the type of 
immunosuppression and the incidence of histologically 
confirmed acute rejection were evaluated. Neither the total 
serum bilirubin level nor the immunosuppressive regimen 
(dual, triple or quadruple therapy) showed a remarkable 
difference between the two groups. In contrast, the mean 
platelet count during the first 10 days after liver transplant- 
ation was significantly lower (P = 0-048) in patients with 
subsequent incisional hernia than in patients without 
herniation. Platelet replacement was similar in both groups 
(data not shown). Furthermore, the incidence of early acute 
rejection episodes after liver transplantation with steroid 
treatment was significantly higher (P = 0-025) in patients 
with incisional hernia (Table 2). 

All patients with incisional hernia received a transverse 
incision with an upper midline incision. In contrast, no 
patient with a transverse abdominal incision only experi- 
enced an incisional hernia after liver transplantation 
(P = 0-04). The frequency of abdominal reoperation after 
liver transplantation was analysed as a further risk factor. 
This analysis distinguished early reoperations (during the 
first month) and those in the long term after liver 
transplantation. There was no notable difference in the 


Table 2 Incidence and distribution of intraoperative and postoperative risk factors for incisional hernia 





“Values are mean (range); tvalues are mean(s.d.); values in parentheses are percentages. §P = 0.048 (Mann-Whitney rank sum test), {P = 0-025, 


“P = 0.04 versus no hernia (%7 test) 
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frequency of reoperation between periods in either group. 
There was a slightly higher incidence of wound infection in 
patients with incisional hernia, which did not reach 
statistical significance (Table 2). 


Localization, surgical treatment and outcome of 
incisional hernia after liver transplantation 


Incisional hernias were repaired between 4 and 73 months 
after liver transplantation. A significantly higher proportion 
of incisional hernias were located at the junction of the 
upper midline and transverse incision than at other 
locations (P < 0-001). Two hernias were found in six 
patients in this group (12 per cent). Hernias were not 
repaired in six patients either because of the patients’ poor 
clinical condition or death. 

Thirty of the hernias were closed by reapproximation of 
the fascia or by the Mayo technique. The remainder were 
closed by combination of a mesh with one of the above 
procedures (Table 3). Recurrent hernias were seen in 11 
patients. In five of these patients additional hernias were 
localized. Furthermore, in seven of the 11 patients with 
recurrent hernia, the initial and recurrent hernias were 
localized at the junction of the midline and the transverse 
incision (P = 0-007 versus other locations). In nine patients, 
reoperation of the recurrent hernia took place after 2- 
17 months. Hernia repair was performed in three patients 
by reapproximation of the fascia and in two patients with a 
mesh. In the remaining four patients, hernia repair was 
performed by the Mayo technique (one) and with a mesh 
(three). Of these nine patients with hernia recurrence, four 
had a further recurrent hernia, and a different repair 
technique was used in each patient. 


Table 3 Localization, treatment and outcome of incisional 
hernia 





Values in parentheses are percentages. *P < 0-001, P = 0-007 versus 
other locations (` test) 
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Hernia recurrence was seen most frequently with the 
Mayo procedure. With reference to the initial hernia repair, 
application of a mesh led to a significantly lower incidence 
of hernia recurrence than the other techniques (P = 0-011). 
Overall, 14 patients recerved a mesh repair. An absorbable 
mesh was used in seven patients and the remainder received 
a non-absorbable mesh. Among the 44 patients who 
underwent 57 operations for hernia repair, the incidence 
of complications was 2 per cent (one patient). This patient, 
who received a mesh fer incisional hernia repair, experi- 
enced an episode of infection that required reoperation. 


Discussion 


Incisional herniation after abdominal surgery is an ongoing 
challenge in surgery. Nevertheless, there is sulla lack of data 
on patients with chronic advanced liver disease who develop 
incisional hernia after major surgery. The present study 
analysed the causative factors for herniation and the 
influence of variables related to patients with or without 
cirrhosis after liver transplantion. 

Male gender, increased age, disease, diabetes, chronic 
obstructive pulmonary disease and postoperative wound 
infection could not be verified as risk factors for herniation 
in patients after liver transplantation, as confirmed by 
others with heterogeneous patient cohorts’. The occur- 
rence of ascites in patients with cirrhosis stresses the 
morphological integrity of the abdominal wall”. 
Furthermore, there is a relationship between increased 
BMI and incisional hernia’?'’. In the present study, 
therefore, the Child-Pugh class and the course of BMI 
were evaluated with regard to incisional hernia. There was 
no correlation between the incidence of preoperative ascites 
as shown by the Child level and/or increased BMI and 
incisional herniation after liver transplantation. Although 
the morphological integrity of the abdominal wall was 
affected by the incidence of previous abdominal surgery"’, 
the present data excluded this as a risk factor for incisional 
hernia. In contrast to an earlier study that identified 
reincision as a significant risk factor!*, it did not matter 
whether liver transplantation was done via a previous 
incision or with an extension to the former abdominal 
approach. The elimination of jaundice as a result of 
successful liver transplantation, or the authors’ vigorous 
policy of removing the entire scar tissue at the time of liver 
transplantation (as noted by others'*), might explain this 
discrepancy. In additicn, neither mechanical alterations 
during liver transplantation by the wound retractor nor 
reoperations during the early or later period after liver 
transplantation were risk factors for the occurrence of 
incisional hernia in this study. 
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An increase in total serum bilirubin level after liver 
transplantation has been described, which may affect wound 
healing'’*'°. However, the same level of hyperbilirubinae- 
mia was present in both groups in this study, eliminating 
this as a risk factor for the occurrence of incisional hernia. 
This was in contrast to a study in which an increased 
incidence of incisional hernia was observed in jaundiced 
patients with raised total serum bilirubin due to malignant 
disease'’. The association with malignant disease may be 
responsible for this different finding, as only 4 per cent of 
the present patients suffered from malignancy. Further- 
more, successful liver transplantation with subsequent 
improvement of liver function as well as temporary jaundice 
may explain these contrasting findings. 

Patients with liver cirrhosis suffer from chronic throm- 
bocytopenia’®, which may also affect wound healing!”. 
Early after liver transplantation, patients with incisional 
hernia had a significantly lower platelet count. This finding 
cannot be explained by an effect of immunosuppression on 
platelet function and wound healing*” as the pattern of 
immunosuppressive therapy was similar in both groups. 
However, a deficiency in thrombopoietin production and 
generation of platelets! in the liver graft could explain the 
low platelet count in the hernia group. Graft dysfunction 
due to acute rejection episodes in this group, strengthened 
by the steroids given in antirejection therapy, could explain 
this deficiency. Furthermore, the deleterious effect of 
steroids on wound healing is well known*??°. The authors 
therefore propose use of a more potent immunosuppressive 
regimen to avoid acute rejection episodes in the early 
postoperative phase. In contrast, the use of chronic steroid 
therapy before liver transplantation was more common in 
patients without incisional hernia (10 versus 21 per cent). 
This excludes the chronic use of steroids before liver 
transplantation as a risk factor for herniation. This 
observation was in accordance with data from non- 
transplanted patients”. 

several studies have mentioned the type of abdominal 
incision as a risk factor for herniation™™® . In this study, 
only patients with a combined incision experienced an 
incisional hernia (P = 0-04). Studies of patients with 
cirrhosis who are in need of abdominal surgery confirm 
this result and indicate a preference for a transverse 
abdominal incision**. Technical failure in abdominal 
closure was unlikely to explain this finding since liver 
transplantation was always performed by a small group of 
senior surgeons, which minimized the incidence of herni- 
ation”. Although there are no published data on the link 
between the combined type of abdominal incision and 
incisional hernia, several studies*’*! have identified the 
midline incision as a risk factor for herniation after liver 
transplantation. In the present series 66 per cent of hernias 
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involved the upper midline incision. In accordance with 
other data®’, the highest rate of hernia recurrence was also at 
this site. The hernia recurrence rate in the present study was 
22 per cent, lower than that reported previously 5, 

Hernia recurrence was not significantly related to the 
operative technique used, although there were more hernia 
recurrences after the Mayo procedure, as reported pre- 
viously*°*’, Addition of an absorbable or non-absorbable 
mesh graft to either closure technique was of major benefit. 
This approach achieved the lowest rate of hernia recurrence 
in this and other’™* series. However, the use of prosthetic 
material is controversial in transplanted patients because of 
the risk of serious infection in an immunosuppressed 
individual, although several studies have reported no 
increase in complications among non-transplanted patients 
who have undergone prosthetic hernia repair as long as 
major conditions are considered? hY, Nevertheless, 
owing to limited data, the use of meshes in transplanted 
patients is still under restriction. In the present series, only 
one patient who received a mesh hernia repair suffered an 
infection. This low incidence of complications was achieved 
by the use of perioperative antibiotic prophylaxis, as 
described by others*’. To reduce the risk of hernia 
recurrence, the authors therefore favour incisional hernia 
repair with prosthetic material after liver transplantation. 

In conclusion, in the present study the occurrence of 
acute rejection episodes and steroid pulse therapy, and a low 
platelet count in the early postoperative period were major 
risk factors for incisional hernia after liver transplantation. 
The upper midline incision was identified as a significant 
risk factor for incisional herniation in this group of patients, 
and a transverse approach should therefore be preferred. A 
clear advantage of the primary use of mesh for hernia repair 
in patients under immunosuppression was shown, with a 
lower rate of hernia recurrence and no increase in the 
incidence of complications. 
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Background: Chronic allograft dysfunction (CAD), the leading cause of solid organ transplant failure, is 
characterized by histological evidence of extracellular matrix (ECM) accumulation (fibrosis). The aim of 
this study was to characterize the changes in fibrosis-associated gene expression in an experimental 
model of CAD and to measure the effect of the mmmunosuppressant cyclosporin on these changes. 

or no treatment. Vascular remodeling and ECM accumulation (picrosirius red) were measured using 
reverse transcription—polymerase chain reaction. 

Results: Cyclosporin inhibited medial ECM accumulation and vascular remodelling in allografts. This 
was associated with an attenuation of the graft inflammatory infiltrate and a reduction m intragraft 
matrix metalloproteinase (MMP) 2 and MMP-9 messenger RNA (mRNA) levels. There was a significant 
negative correlation between neoadventitial ECM density and MMP-9 expression, as well as with vessel 
circumference. Neoadventitial ECM density was significantly higher in the cyclosporin-treated group 
than in animals with untreated allografts, as were mRNA levels of collagen 3 and tissue inhibitor of 
metalloproteinase 1. 

Conolusion: The alloimmune injury itself may contribute directly to vascular remodelling and fibrosis in 
allograft vasculopathy. Cyclosporin attenuated this component of the pathophysiology of CAD 


effectively. 
Paper accepted 22 April 2002 


Introduction 


Chronic allograft dysfunction (CAD) is a leading cause of 
late allograft loss; currently available immunosuppressants 
have little or no effect on the progression of this condition in 
clinical transplantation'*. CAD is defined histologically by 
a chronic fibroproliferative tissue response to mwyury that 
includes allograft vasculopathy and parenchymal extra- 
cellular matrix (ECM) accumulation (fibrosis)*~>°. Allograft 
vasculopathy is characterized by neointimal hyperplasia and 
vascular remodelling, pathological processes that are 
associated with changes in the regulation of ECM turnover. 
Central to these processes in many models of vascular injury 
are the matrix metalloproteinases (MMPs), a family of zinc- 
dependent proteases that can collectively break down all the 
constituents of the ECM®. The activity of these proteases in 
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turn is tightly regulated by a highly specific family of 
inhibitory proteins, the tissue inhibitors of metallo- 
proteinases (TIMPs). The role of MMPs and ‘TIMPs ın 
the development of allograft vasculopathy remains to be 
defined. 

The aim of this study was to characterize the changes in 
gene expression that are important in regulaung ECM 
turnover in an animal model of CAD and to assess the effect 
of the immunosuppressant cyclosporin on these changes. 


Materials and methods 


Experimental model 


The thoracic aorta to abdominal aorta allograft model 
described by Mennander et al.’ was used. A segment of the 
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descending thoracic aorta approximately 3 cm in length was 
excised, perfused thoroughly with phosphate-buffered 
saline and used as a transplant. F344 rats acted as donors 
and recipients, and Lewis rats as recipients. Ischaemic injury 
to the graft was minimized by immersion in an ice bath at 
FPC between procedures. Through a midline laparotomy 
incision, the segment of thoracic aorta was anastomosed end 
to end to the recipient abdominal aorta using 9/0 
polypropylene sutures. The graft was transplanted into a 
heterotopic position below the renal arteries and above the 
aortic bifurcation, forming a loop in the recipient abdomen. 

Animals were kept in a controlled environment with 
unlimited access to feed and water. Graft harvest was 
performed in heavily anaesthetized rats, after which the 


animal was killed by exsanguination. 


Drugs 


Microemulsion cyclosporin (Neoral; Novartis, Basle, 
Switzerland) was prepared as a solution of 5 mg/ml in 
olive oil, stored at 21°C, and administered orally by gavage. 


Experimental groups 


In group | animals (isografts; negative control), thoracic 
aorta was transplanted from one F344 rat to another. 

In group 2 (allografts; positive control), thoracic aorta 
was transplanted from F344 rats to Lewis rats receiving 
cyclosporin 5 mg/kg daily, orally by gavage, for 14 days 
only, followed by no immunosuppression until death. 

In group 3, thoracic aorta was transplanted from F344 
rats to Lewis rats receiving microemulsion cyclosporin 
5 mg/kg daily, orally by gavage, from the day of transplan- 
tation until death. 

In this experiment, six rats in each group were killed at 
zach of weeks 4, 8, 12 and 16, with a further six rats in group 
l killed at 24 weeks. 


Histological analysis 


segments of the aortic graft were embedded in paraffin wax 
and multiple sections were stained with haematoxylin and 
eosin. The level of inflammatory infiltrate was assessed 
semiquantitatively by a blinded single observer and 
categorized as follows: none, no inflammatory cells 
visualized; mild, inflammatory cell localized to the 
endothelium; moderate, dense inflammatory cell infiltrate 
in the innermost layer of the vessel wall; severe, dense 
inflammatory cell infiltrate throughout all layers of the 
vessel wall. 

‘The vessel circumference and area fraction of the intima 
and media were quantified using a computer image analysis 
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system. The intima was defined as the area between the 
endothelium and the internal elastic lamina, and the media 
as the area between the internal and external elastic laminas. 
Paratfin-embedded sections were also stained with picro- 
sirius red, and the area fraction of ECM staining was 
quantified by means of computerized histomorphometry”. 


Determination of allograft gene expression with 
reverse transcription—polymerase chain reaction 


Total messenger RNA (mRNA) was extracted from aortic 
tissue and complementary DNA (cDNA) molecules were 
synthesized by reverse transcription (RT). These cDNA 
species were amplified by polymerase chain reaction (PCR) 
and quantified in an enzyme-linked immunosorbent assay 
(ELISA) system. Relative quantification was performed by 
comparison of the signal intensity to that of the house- 
keeping gene B-actin. These techniques have been 
described in more detail elsewhere’. Probe and primer 
sequences used in these experiments have also been 
published previously’”. 


Substances to be assessed 


To take into account all the factors that influence smooth 
muscle cell proliferation, migration and deposition of ECM 
during neotima formation, the following species were 
studied with RT-PCR: MMP-2, MMP-9, TIMPs 1, 2 and 
3, transforming growth factor (TGF) B and collagen 3. 


Analysis of results 


The levels of gene expression were compared in the 
different study groups using non-parametric statistical 
analysis. Allograft gene transcripts for matrix proteins and 
growth factors were correlated with intimal thickening, 
expressed as the intima: media ratio; with vascular 
remodelling, expressed as vessel circumference (of the 
internal elastic lamina}; and with collagen accumulation, 
expressed as a product of the percentage mean media 
picrosirius red staining and the medial area. Statistical 
analysis was performed using the Statistical Package for the 
Social Sciences version 8-0 (SPSS, Chertsey, UK). 


Results 


Histological analysis 


By 4 weeks after transplantation there was a dense 
inflammatory infiltrate in allografts, in many cases trans- 
mural, that was not seen in isografts (Fig. 1); this infiltrate 
was also present at 8, 12 and 16 weeks. By 12 weeks early 
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Fig. 1 Representative photomicrographs of haematoxylin and 
eosin-stained section of rat aorta. a Untreated allografts have a 
dense transmural inflammatory infiltrate associated with intimal 
and medial thickening. b These changes were attenuated by 
cyclosporin. (Original magnification X 40) 


intimal hyperplasia was evident in untreated allografts and 
by 16 weeks intimal thickening appeared to have slowed 
such that there was no significant difference between the 
intima : media ratio at 16 and 24 weeks in untreated 
allografts (Fig. 2a). Expansive vascular remodelling 
occurred in a linear fashion between 4 and 24 weeks 
(Fig. 2b). Cyclosporin significantly inhibited both intimal 
hyperplasia (mean(s.d.) intima : media ratio 0-08(0-09) 
versus 0-20(0-05); P = 0-01, Mann-Whitney U test) and 
expansive vascular remodelling (mean(s.d.) internal elastic 
lamina circumference 3-8(0-2) versus 4-2(0-2) mm; P = 0-02) 
compared with untreated allografts, as well as significantly 
attenuating the severity of the inflammatory response 
within the graft at + weeks (Fig. 3) and at all subsequent 
timepoints (data not shown). 


Results of picrosirius red histomorphometry 
There was increased medial ECM accumulation within the 


allografts relative to isografts at 16 weeks (mean(s.d.) area 
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Fig. 2 Effect of cyclosporin on allograft vasculopathy. Values are 
mean(s.d.) a Intima : media ratio. Neointima formation occurs 
between 8 and 16 weeks in untreated allografts relative to 
isografts. Intimal thickening was significantly inhibited by 
cyclosporin (P = 0-02, Mann-Whitney U test). b Vessel 
circumference. Allografts underwent significant progressive 
expansive remodelling between 0 and 24 weeks. This process was 
inhibited by cyclosporin; *P = 0-01 (Mann-Whitney U test). 


fraction stained 0-45(0-01) versus 0-35(0-03) mm7; P = 0-03, 
Mann-Whitney U test). This was not associated with a 
change in ECM density but was due to an increase in medial 
area. Allograft medial ECM accumulation was significantly 
reduced by cyclosporin (0-38(0-04) mm7; P = 0-01). 

Very little ECM staining was detected in the neointima at 
16 weeks, and so this was not included in the analysis. As 
this would predominantly have increased the total ECM 
content in the untreated allograft group, however, it would 
not have altered the results greatly. In the present model it 
was impossible accurately to distinguish true allograft 
adventitia from peritoneal adhesions, and therefore neo- 
adventitial thickness or ECM content was not assessed. 
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Adventitial ECM density, however, was reduced in allo- 
grafts relative to isografts (0-72(0-07) versus 0-85(0-07); 
P = 0-05, Mann-Whitney U test) and this effect was 
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Fig. 3 Inflammatory infiltrate + weeks after transplantation. At 


4 weeks there was a significant difference in the severity of the 
inflammatory infiltrate between isografts, untreated allografts 
and cyclosporin-treated allografts (P < 0-001, y° test) 


attenuated by the administration of cyclosporin (0-.80(0-05); 
P = 0-08). 


Results of reverse transcription—polymerase chain 
reaction enzyme-linked immunosorbent assay 


MMP-9 mRNA transcript levels were increased in 
untreated allografts relative to isografts at 4 weeks, and 
this increase was attenuated by cyclosporin (data not 
shown), There was no significant difference between the 
groups for the other genes studied at 4 weeks. Gene 
mRNA : B-actin mRNA ratios for fibrosis-assoctated 
genes studied at subsequent timepoints are listed in 
Table 1. There was no apparent difference between the 
groups for TIMP-2 or TIMP-3 at any timepoint (data not 
shown). TIMP-3, however, correlated closely with MMP-2 
at all timepoints; for example, at 8 weeks, 7, = 0.8, 
P < 0-001. 

At& weeks there was a reduction in TIMP-1 and collagen 
3 gene expression in untreated allografts relative to 
isografts, with a persistent significant increase in MMP-9 
transcript levels in untreated allografts relative to isografts. 
When gene : actin ratios were correlated, a significant 
negative correlation was observed between MMP-9 and 
collagen 3 (r; =- 0-6, P = 0-01). Cyclosporin significantly 


Table 1 Enzyme-linked immunosorbent assay values of reverse transcription-polymerase chain reaction complementary DNA 
product of messenger RNA species isolated from rat aorta using Dynabead extraction at different timepoints 





(2:01, 2-55) 
F (1-61, 2-13)" 


47) (1-70, 2-88) 
18) (1-86, 2:20) 


01) (1-05, 1-12) 


Values are mean(s.d.) (95 per cent confidence interval) ratios for messenger RNA of the gene specified to that of the housekeeping gene 


B-acun. MMP, matrix metalloproteinase, TGF, transforming growth factor, TIMP, tissue inhibitor of matrix metalloproteinase. *P < 0-05, +P < 0-01 
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attenuated the MMP-9 rise and the collagen 3 fall, as well as 
significantly reducing TGF-B mRNA transcript levels 
(Table 1). MMP-2 expression was also reduced by cyclo- 
sporin at 8 weeks, but this was not statistically significant 
(data not shown). 

In aortas analysed after 12 weeks there was a 
significant increase in MMP-2, TGF-B and MMP-9 
expression in untreated allografts relative to isografts. 
Cyclosporin inhibited MMP-2 transcription in allografts. 
There were no significant differences with respect to 
profibrotic genes such as collagen 3 and TIMP-1 at this 
timepoint. 

At 16 weeks there were significant reductions in the 
expression of TIMP-1 and collagen 3, as well asa significant 
increase in MMP-9 in untreated allografts relative to 
isografts; however, these later changes in collagen 3 and 
TIMP-1 expression were not attenuated by cyclosporin. 


Histological correlates of observed changes in matrix 
metalloproteinase 9 gene expression 


MMBP-9 transcript levels in the vessel wall increased with 
increasing histological severity of the inflammatory infil- 
trate (Fig. 4). Gene : actin ratios for MMP-9, as determined 
by ELISA, were also shown to correlate significantly with 
medial collagen content (7, = 0-7, P = 0-02), vessel circum- 
ference (r, = 0-8, P < 0-001) and intimal area (r, = 0-6, 
P = 0-02). There was a weak but statistically significant 
negative correlation between MMP-9 transcript levels and 
neoadventitial collagen density (7, = 0-5, P = 0-05). 
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Fig. 4 Matrix metalloproteinase (MMP) 9 expression versus 
severity of the inflammatory infiltrate. Bars denote mean values. 
mRNA, messenger RNA. There was a significant difference 
0-001; Kruskall—Wallis test) 


between the mean values (P = 
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Discussion 


These data show that the development of vasculopathy in 
rat aortic allografts was associated with progressive 
expansive vascular remodelling, inflammation, increased 
medial ECM accumulation and a reduction in adventitial 
collagen density. These changes were associated with 
increased intragraft MMP-9 and decreased TIMP-1 and 
collagen 3 mRNA levels compared with negative controls 
(isografts). Inhibition of graft inflammation by cyclosporin 
attenuated both the increase in gelatinase expression in 
allografts and the changes in profibrotic gene activity, 
and significantly inhibited neointima formation, medial 
collagen accumulation and expansive vascular remodelling. 

Expansive remodelling in rat allografts correlated with 
MMP-9 gene expression. An association between MMP-9 
and expansive vascular remodelling is also seen in balloon 
injury and high shear stress models of vascular injury)’; 
however, the molecular basis of this process remains 
obscure. In rat allografts MMP-9 transcript levels were 
associated with severity of the inflammatory infiltration in 
the grafts. MMP-9 is expressed by alate T cells and 
activated macrophages in vive and in vitro'*, whereas in mice 
aortic allografts MMP-9 is localized to Panay cells 
throughout the allograft, but particularly the adv entitia’’ 
MMP-9 mRNA levels also correlated inversely = 
adventitial collagen density. Metalloproteinase activity 
may promote expansion by degradation of adventitial 
collagen'®, as a collagen-dense adventitia may represent a 
mechanical barrier to vessel enlargement. Adventitial 
fibroblast collagen production is a critical determinant of 
pore remodelling in balloon-injured rabbit 
arteries’, and it is noteworthy that expansive remodelling 
was associated with decreased collagen 3 and TIMP-1 
expression in the present model. Remodelling could also 
arise as a response to degradation of elastin, a substrate for 
MMP-9 and a major structural component in these vessels 
(elastin lamellae). Cyclosporin, by attenuating the T-cell 
response and subsequent macrophage infiltration, inhibited 
expansion. These data suggest that vascular remodelling in 
allografts is not solely a component of the tissue response to 
injury’? but may in part be mediated by the alloimmune 
injury itself. 

Neointimal thickening between 12 and 16 weeks coin- 
cided with significant increases in MMP-2, TGF- and 
MMP-9 expression. Similar changes in gene expression are 
associated with ECM turnover during formation of the 
neointima in other experimental models'”~**, and these 
changes may underly smooth muscle cell migration and 
proliferation in the aortic allografts. MMP-9 was not 
inhibited by cyclosporin at 12 weeks compared with 
untreated allografts. This is unexplained; however, the 
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severity of inflammatory infiltrate within the untreated 
allografts at 12 weeks appeared less than at other time- 
points, with subsequently lower MMP-9 transcription in 
the untreated allografts. 

A beneficial effect of cyclosporin on allograft vasculo- 
pathy is also apparent in clinical heart transplantation. Two 
recent intracoronary ultrasound studies have suggested that 
high-dose cyclosporin may have a beneficial effect on the 
development of CAD. In one cross-sectional study a 
positive correlation was found between a coronary intimal 
thickness greater than 3 mm and a lower daily cyclosporin 
dose”. In another multicentre study” patients receiving 
more than $ mg/kg cyclosporin daily had significantly less 
development of CAD at | year than those receiving a daily 
dose of less than 3 mg/kg. Both clinical and experimental 
evidence, therefore, suggests that the success of cyclosporin 
in heart transplantation is limited by unacceptable side- 
effects at larger doses, but that in an appropriate dose 
cyclosporin may attenuate CAD. 

Allograft medial fibrosis was reduced by the administra- 
tion of cyclosporin, in association with a reduction in graft 
inflammation. In apparent contradiction, there was no 
increase in profibrotic genes in allografts relative to 
isografts at any timepoint. This can be explained by several 
factors. The observation that levels of TIMP-1 and collagen 
3 did not appear to be raised during ECM accumulation and 
intimal vascular smooth muscle cell proliferation in rat 
allografts may indicate that this study failed to examine the 
distribution of mRNA or protein throughout the vessel 
wall. It is possible that a large reduction in TIMP or 
collagen mRNA levels in, for example, the adventitia may 
mask different and more subtle changes in other parts of the 
vessel wall. Furthermore, although TIMP-1 was expressed 
constitutively in uninjured rat carotid arteries”! and levels 
were detected in isografts in this model, TIMP-1 expression 
was not increased during periods of ECM (collagen) 
accumulation following balloon injury in the rat carotid 
artery’. TIMP-1, therefore, may not be as important in 
determining the rate of ECM accumulation in the rat as in 
other species! ™ **”°, Picrosirius red stains not only collagen 
but also many other ECM components”, and it is possible 
that the observed medial fibrosis involved the accumulation 
of predominantly non-collagen molecules. 
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Background: Laparoscopic transperitoneal hernioplasty (TAPP) repair of inguinal hernias is thought 
to be a difficult surgical technique with high complication rates. The present study evaluated TAPP 
based on prospective documentation. 

Methods: The primary aim of the study was analysis of the individual learning curve, comparing 
consultants with trainees. Secondary endpoints included postoperative morbidity, time of disability and 
rate of recurrence. 

Results: A total of 8050 TAPP repairs have been performed since 1993. By 2901, 99-9 per cent of all 
hernia repairs were done by TAPP. The median operation time dropped from 50 min in the first 600 cases 
to 42 min thereafter. The morbidity rate decreased from 9-3 to 2-6 per cent, and the rate of recurrence 
from 4-8 to 0-4 per cent. Within the same interval the proportion of training precedures increased from 
1-7 to 44-9 per cent in 2001. Morbidity and recurrence rates were similar for trainees and consultants. 
Conclusion: TAPP is an effective and safe technique. It can be performed in a standard way for all 
inguinal and femoral hernias. The present results indicate that TAPP is possible in a routine setting, as 


well as in the training situation for young surgeons. 
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introduction 


‘The introduction of endoscopic techniques has added a new 
dimension to groin hernia surgery. In accordance with the 
Pascal principle’, and similar to the anterior mesh repair of 
Lichtenstein, this new technique allows tension-free repair 
of the hernia defect. Randomized studies have shown 
significant improvements in postoperative pain and re- 
habilitation rates in comparison to suture repair done by the 
Shouldice or Lichtenstein techniques’*. These benefits 
come with higher operation costs, a greater degree of 
difficulty and correspondingly longer operation times. 
Critics also maintain that the laparoscopic-endoscopic 
technique can be performed safely only by specialist 
surgeons on selected patients”. 

This study was a prospective analysis of data from a large 
and completely unselected group of consecutive hernia 
repairs, which aimed to assess the feasibility of laparoscopic 
transperitoneal hernioplasty (TAPP) in the clinical routine 
of a non-specialist teaching hospital, and to assess its 
efficacy with respect to the different hernia types. 


Patients and methods 
Laparoscopic hernioplasty via a transabdominal technique 


with preperitoneal placement of a polypropylene mesh 


4062 British Journal of Surgery 2002, 89, 1062-1066 


British Journal of Surgery 2002, 89, 1062-1066 


(TAPP) was first introduced in this department in April 
1993, Since then, open hernia repair has increasingly been 
replaced by TAPP, with an increasing total number of 
hernia repairs (Fig. 7). In the past 6 years more than 1000 
hernia repairs have been carried out annually, 98-1 per cent 
using the laparoscopic technique. An open procedure 
without mesh (Shouldice) was performed only on patients 
aged under 20 years and in those who declined mesh. An 
open procedure with mesh (Lichtenstein) was performed on 
elderly patients with a contraindication to general anaes- 
thesia. All data relating to individual patients and operations 
were collected prospectively and entered into a database. 
Results reported in this publication represent the status of 
the database on 1 March 2002. 


Surgical technique 


The operating technique for TAPP has been published 
previously’>. After the first 600 operations (learning and 
method development) technical modifications were intro- 
duced, including repacement of the sharp three-edged, 
filed, disposable trocars with blunt conical reusable trocars. 
Currently three reusable trocars are used (10 mm at the 
umbilicus with 30° optic, 12 mm right lateral medio- 
clavicular and 5 mm left lateral). A larger polypropylene 
mesh is now used (increased from 8 X 12 cm initially to 


& 2002 Blackwell Science Ltd 


R. Bittner, C.-G. Schmedt, J. Schwarz, K. Kraft and B. J. Leibl * Laparoscopic transperitoneal repair of groin hernia 1063 


r iJ Open 
L Endoscopic 






No. of repairs 

2 g 

5 S 
ae a 





i HE Bees pa ah bere aon con Kom 


1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Year 


Fig. 1 Number of open (Shouldice, Lichtenstein) and 
endoscopic (laparoscopic transperitoneal hernioplasty) inguinal 
hernia repairs in the Department of Surgery, Marienhospital 
Stuttgart, 1992-2001 


10 X 15 em) and the number of clips (B shaped) has been 
reduced to a maximum of four to six (two at Cooper's 
ligament, two at the rectus medial to the epigastric vessels, 
two on the fascia transversalis craniolateral to the epigastric 
vessels) with strict avoidance of clips in the area distal to the 
ileopubic tract. The peritoneum is closed with a continuous 
suture and, since about the 2000th procedure, unslitted 
mesh has been used almost exclusively. The importance of 
complete dissection of the medial compartment of the 
peritoneum as well as wide dissection of the peritoneum 
from the spermatic cord cranially to about mid-psoas has 
been recognized. This is an important requirement for 
wrinkle-free placement of a large piece of mesh. 

All operations were carried out under general anaesthe- 
sia; a urinary catheter was not inserted routinely. When the 
bladder was found to be full at operation, it was drained 
suprapubically. All patients received a single perioperative 
dose of prophylactic antibiotic. On the evening of the 
operation patients were encouraged to visit the toilet with 
assistance and could drink or have a light meal, if desired. 
The day after surgery the patient resumed a normal diet, and 
became fully mobilized, to be discharged home between 2 
and 5 days after operation. Ultrasonography was carried 
out routinely before discharge to check the mesh position 
and to look for serohaematomas. Patients were recom- 
mended to wait until the stitches had been removed before 
resuming normal physical activity 8-10 days after opera- 
tion. 

A total of 15 surgeons took part in the operation 
programme; although most operations were performed by 
three senior surgeons in the early years, later other 
colleagues were introduced into the programme”. 
Trainees currently perform almost half of the operations, 
rising from 1-7 per cent in 1993 to 44-9 per cent in 2001. 
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Recurrent hernia repairs were performed only by senior 
surgeons. 


Follow-up 


Upon discharge, each patient received a written schedule 
for follow-up examination in the hernia consultation office. 
Patients were re-examined 4 weeks, and 1, 2, 5 and 10 years 
after operation by an independent observer. Unreliable 
patients were contacted regularly by a special telephone 
service and reminded to keep their appointments. A 
recurrence was defined as a reducible bulge at the site of 
the previous repair. Follow-up ranged from 1 to 97 (median 
22) months. Some 93-1 per cent of patients were examined 
clinically at least once after discharge; only 6-9 per cent of 
patients were completely lost to follow-up. Postoperative 
discomfort was judged by a visual analogue scale that ranged 
from 0 to 100. 


Statistical analysis 


Data were processed using medians and ranges. Fisher's 
exact test and the non-parametric Wilcoxon test were 
applied for statistical analysis according to data type. 
P < 0-05 was considered significant. 


Results 


Between April 1993 and December 2001, 8050 TAPP 
procedures were performed on 6479 patients, 5862 men 
(90.5 per cent) and 617 women (9-5 per cent). The median 
age of the patients was 59 (range 16-97) years; 1411 patients 
(21-8 per cent) were over 70 years, 378 (5-8 per cent) were 
over 80 years and 37 (0-6 per cent) were over 90 years old. 
The median body mass index (BMI) was 24-8 (range 14-0- 
39.3); 337 patients (5-2 per cent) had a BMI of more than 30. 

There were 6904 primary hernias (85-8 per cent), and 
1146 repairs (14-2 per cent) were done for recurrent hernia. 
Some 4908 patients (75-6 per cent) had unilateral hernia 
repair and 1571 patients (24-4 per cent) had simultaneous 
bilateral repair. TAPP was used for all types of groin hernia 
(Table 1), including 440 scrotal hernias (5-5 per cent). A 
total of 280 hernias (3-5 per cent) were irreducible; 92 (1-1 
per cent) of these were acutely incarcerated and five needed 
simultaneous resection (ileum, two; appendix, one; omen- 
tum, two). TAPP was completed laparoscopically in 99.9 
per cent of hernia repairs. A conversion was necessary in ten 
procedures: two for bleeding from a branch of the pubic 
artery, one for unclear anatomy in a scrotal hernia, one fora 
bleeding from the omentum and six for adhesions. 

The median duration of operation was 47 (range 20- 
276) min for unilateral primary hernia, 45 (range 20- 
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Table 1 Types of hernia treated by laparoscopic transperitoneal 
hernioplasty 





Values in parentheses are percentages 


265) min fora recurrent hernia, 65 (range 20-276) min fora 
scrotal hernia and 70 (range 30-300) min for bilateral 
hernias. 

Some 255 complications were observed (morbidity rate 
3-2 per cent) (Table 2). A single elderly man died from 
pulmonary embolism following repair of bilateral irredu- 
cible scrotal hernias (mortality rate 0-02 per cent). The 
overall morbidity and reeperation rates were similar for all 
types of hernia repair (Table 3), although the frequency of 
serohaematoma that needed aspiration was 2.7 per cent 
after unilateral primary hernia repair, 4-8 per cent after 
recurrent hernia repair and 4-0 per cent after bilateral 
repair, rising to 12-5 per cent following scrotal hernia repair 
(P < 0-001). 

The overall hernia recurrence rate was 0-7 per cent (60 of 
8050). Although there was no significant difference in 
recurrence rate after repair of unilateral primary hernias 
(0-8 per cent), recurrent hernias (1-1 per cent) or bilateral 
hernias (0-6 per cent), that after repair of scrotal hernias was 
significantly higher at 2-7 per cent (P = 0-04 versus non- 
scrotal repair) (Table 3). 

The median time to return to work, including hospital 
stay, was 15 (range 2-100) days after all hernia repairs, 
14 days after unilateral primary hernia repair, 21 days after 
recurrent hernia repair, 19 days after scrotal hernia repair 
and 15 days after bilateral hernia repair (P not significant). 

After the learning phase and introduction of the above- 
mentioned modifications, there was a significant reduction 
in operation duration, and morbidity and recurrence rates. 
After the first 600 procedures, the median duration of 
operation decreased from 50 to 42 min, the morbidity rate 
from 9.3 to 2-6 per cent, the reoperation rate from 1-3 to 0-4 
per cent and the recurrence rate from 4-8 to 0-4 per cent. 

At the beginning of this experience the three senior 
surgeons had considerable variation in morbidity (range 
5-3-L1.3 per cent) and recurrence rates (2-0-6-0 per cent). 
After about 300 hernia repairs their results became almost 
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Table 2 Complications following 8050 consecutive laparoscopic 
transperitoneal hernioplasties 





Values in parentheses are percentages 


identical (2-0-3-1 per cent and 0-3-0-4 per cent respec- 
tively). 

Apart from a longer operating time, the results of TAPP 
by specialist trainees (who operate independently) and 
junior trainees were similar to those obtained by the three 
consultant surgeons beyond the learning curve (after first 
300 individual procedures) (Table 4). 


Discussion 


The efficacy of a new operation can be assessed only on an 
unselected set of patients, and only when surgery has been 
performed as part of a normal hospital routine. The present 
results show that TAPP has a significant learning curve and 
therefore may carry risks for the patient. However, they also 
show that, as a surgeon’s experience grows, TAPP can be 
performed increasingly quickly, safely and with a low 
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Table 3 Morbidity, reoperation and recurrence rate in relation to hernia type in 8050 consecutive laparoscopic transperitoneal 


hernioplasties 








“Some 3142 hernias repaired in 1571 patients. Results refer to number of hernias repaired 


Table 4 Results of laparoscopic transperitoneal hernioplasty according to grade of surgeon and experience 


*Values are median (range) 


recurrence rate for all hernia types, including femoral 
hernia. The results are better those of conventional 
surgery’, especially for recurrent, bilateral hernia or 
scrotal hernias, even taking into consideration the duration 
of operation. 

The most significant complication was intraoperative 
intestinal damage, which occurred in nine patients. As eight 
of these nine patients had undergone previous abdominal 
surgery and adhesions were to be expected, laparoscopic 
surgery should be performed in such patients only after 
serious scrutiny of the indication, and by an experienced 
surgeon. In these patients the optic trocar should be 
introduced under direct vision using the Hasson technique. 
If inspection reveals extensive adhesions, conversion to a 
conventional repair is recommended. 

Similarly, five of the eight patients with urinary bladder 
damage had had previous surgery, particularly trans- 
abdominal prostatic resection, with corresponding tight 
adhesions. In these patients laparoscopic hernioplasty 
should be considered carefully. Fortunately, none of the 
bladder lesions had serious consequences; they were 
detected immediately and repaired, and/or a urinary 
catheter was inserted for a few days. 

Of the eight patients who developed an infection in the 
area of the mesh site, only three required removal of the 
mesh. In the other five, the infection healed without 
complications after operative revision and a lavage—suction 
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drain. To what extent perioperative antibiotics are useful is 
a subject of controversy as studies with the appropriate 
statistical power are lacking. Generally an infection risk of 
1-2 per cent must be taken into account, even during aseptic 
operations”. The low (0-1 per cent) rate of infection here is 
a strong argument in favour of perioperative prophylactic 
antibiotics. 

In spite of the high proportion of patients over 70 years of 
age (21-8 per cent), cardiopulmonary complications arose in 
only two patients. This is the result of low pain levels after 
laparoscopic hernioplasty that allowed good patient mobi- 
lity, just a few heurs after the operation. 

The low rates of testicular atrophy and late postoperative 
chronic pain (both less than 0-1 per cent) were notable. This 
may be a benefit of laparoscopic hernioplasty, especially 
when repairing a recurrent hernia after previous conven- 
tional surgery’ or a large scrotal hernia. 

Critics of laparoscopic hernioplasty maintain that this 
technique is diffrcult to learn and can be performed only bya 
few experts, so may not be suitable for surgeons in training’. 
The present results show that TAPP can be standardized 
and performed safely by trained laparoscopic surgeons. 
Specialist trainees and trainees who learned laparoscopic 
hernia repair after technical modifications had been made 
were introduced to a clinical routine. First the young 
surgeons had to guide the camera (at least 50 times) and then 
they were allowed to operate on easy cases (e.g. female 
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patients, small primary direct hernia) with supervision by 
one of the senior surgeons. Their learning curve was 
shorter, as they could avoid a lot of mistakes made by the 
senior surgeons when they started laparoscopic hernia 
repair. 

The present recurrence rate of 0-4 per cent shows that 
‘TAPP may have advantages over even the best suture 
repairs’? and open mesh repairs'’?°, although a final 
assessment is not yet possible owing to the comparatively 
short follow-up. After analysis of the initial results, mistakes 
(e.g. mesh too small, slitting the mesh and insufficient 
parietalization) could be recognized and eliminated, 
although a relatively high recurrence rate is still seen after 
scrotal hernia repair. 
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Prognostic significance of the circumferential resection 
margin following total mesorectal excision for rectal 
cancer (Br 7 Surg 2002; 89: 327-34) 


Sir 

The authors have excluded patients who recerved preoperative 
radiotherapy; however, 3 per cent of their cohort had adjuvant 
chemotherapy. Were these patients excluded along with the 
patients who died from a non-cancer-related cause when 
survival analyses were performed? Further, it 1s a setback to see 
a study with large numbers that has a median follow-up of only 
29 (range 14-60) months. A 5-year minimum follow-up should 
be mandatory to draw any valid conclusions on metastases and 
death. We appreciate the authors’ use of multivariate analysis 
to assess independent prognostic effect and would like to know 
whether vascular invasion was included as other studies have 
shown its significance on survival and metastases from 

colorectal cancer’ 
P, J. Arumugam 
V. Vivek 
N. D. Carr 
J. Beynon 
Colorectal Unit 


Singleton Hosprtal 
Sketty 


Swansea SA2 8QA 
UK 


1 Minsky B, Mies C. The clinical significance of vascular invasion 
ın colorectal cancer. Dis Colon Rectrem 1989; 32: 794-803. 

2 Heys SD, O’Hanrahan TJ, Brittenden J, Eremin O. Colorectal 
cancer in young patients: a review of the literature. Eur 7 Surg 
Oncol 1994, 20: 225-31. 


Author’s reply 


Sir 

As the causes of death can be difficult to identify in a large 
national study, the use of cancer-specific survival may be 
biased. The date of death, however, cannot be manipulated, 
and thus we preferred to use crude survival. The survival 
analyses did not exclude patients who had chemotherapy. Most 
likely the impact of an involved circumferential margin is even 
more evident for cancer-specific survival. It may be argued that 
a median follow-up of 29 months is short. Nevertheless, 161 
patients were followed beyond 40 months, and the cohort was 
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large enough to identify significant predictors for local 

recurrence, metastasis and death. Vascular invasion was not 

implemented in the multivariate analysis as this variable has not 

been reported routinely by the pathologists. The main message 

of the present study, in which 76 per cent of patients had high- 

risk tumours (Dukes’ B and C) and there was no use of 

radiotherapy, is the importance of obtaining a tumour-free 
margin. Surgical technique does matter. 

A. Wibe 

Department of Surgery 

University Hospital Trondheim 

Olav Kyrresgt 17 

N-7006 Trondberm 


Norway 


Surgical repair of ruptured thoracic and thoraco- 
abdominal aortic aneurysms (Br 7 Swrg 2002; 89: 442-5) 


Sir 

The authors have produced excellent results in this difficult 
group of patients, but even in their hands open surgery is 
associated with significant morbidity and delayed mortality. 
There appears to be a discrepancy between the 1-year survival 
rate for those who had surgery quoted in the abstract (65 per 
cent) and the figure in the text (53 per cent). While we 
appreciate that this was a retrospective study, no data have been 
included about the number of patients turned down for 
surgery. The authors make no mention of the use of 
endovascular repair for thoracic aneurysms. At present 
branched stent-grafts for repair of thoracoabdominal 
aneurysms remain experimental. However, endoluminal 
repair for type B aortic dissection and descending thoracic 
aneurysms appears to be a viable alternative to open surgery. In 
addition, some type I thoracoabdominal aneurysms may be 
amenable to stent-graft repair. 

Endoluminal repair is much less invasive and can be 
offered to patients who are unfit for open surgery. Since 
1997 we have treated 62 patients, including 24 non-elective 
procedures. The indications for treatment included symp- 
tomatic degenerative aneurysms (seven), false aneurysms 
associated with infection (six), acute type B dissection (four), 
trauma (transection in three and traumatic dissection in 
one), Takayasu’s vasculitis causing rapture of the descend- 
ing thoracic aorta (one), symptomatic aneurysm associated 
with chronic dissection (one) and secondary aorto~oeso- 
phageal fistula (one). The 30-day survival rate was 83 per 
cent (20 of 24) and the survival rate at 1 year was 71 per cent 
(17 of 24). The complications included: paraplegia (one) 
which resolved completely following cerebrospinal fluid 
drainage, stroke (one) from which the patient made a good 
recovery, distal endoleak (one) requiring an extension cuff, 
and persistent proximal endoleak (one) necessitating 
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removal of the graft at open repair. One of the problems in 
reporting results for non-elective endoluminal repair is the 
lack of certainty that there is ‘blood outside the aorta’, which 
can be ascertained only at open surgery. However, all 
patients in our series had indications for urgent surgical 
repair but were considered too high risk by either 
cardiothoracic surgeons or anaesthetists. 

It is important to recognize that in certain patients 
endoluminal repair is a safe alternative to open surgery. The 
lack of durability of the stent-gratts may be the Achilles heel 
of endoluminal repair but the poor long-term survival of 
this group, as demonstrated by this paper, may mean that 
this has less importance. 

P. R. Taylor 

R. E. Bell 

J. F. Reidy* 

Departments of Vascular Surgery and *Radiology 
Guy's and St Thomas’ Hospital Trust 

Lambeth Palace Road 

London SE] 7EH 

UK 


Randomized clinical trial of Ligasure'™ versus open 


haemorrhoidectomy (Br 7 Surg 2002; 89: 154-7) 


Sir 
The authors could not have drawn all their conclusions 
because of their study design. Both groups of patients under- 
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went haemorrhoidectomy under general anaesthetic. There 

was no mention of which anaesthetic agents were used or 

whether every patient had the same anaesthetic; different 
anaesthetics have different analgesic properties. There was also 
no record of perioperative parenteral analgesic administration. 

Both of these can significantly affect the postoperative pain 

scores, The authors recorded the patients’ pain scores as the 

pain experienced at the time of waking each day. It might have 

been more appropriate to score the maximum pain that day, or 

the pain after defaecation. The inclusion of both men 

and women may also have skewed the results. Men 

and women have different thresholds for recording pain’ and 

also report the intensity of pain differently". These factors 

could have affected the conclusions of an otherwise well 
thought out study. 

S. M. F. Saunders 

A. Abood 

Department of Surgery 

Chelsea and Westminster Hospital 

369 Fulbam Road 

London SW10 9NH 

UK 
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Nyhus and Condon’s Hernia. 5th ed. 


R J. Fitzgibbons Jr and A. G. Greenburgh (eds) 


280 x 120 mm. Pp. 660 [Bustratad. 2001. Phitadeipiya, Pennesyivarnua. 
Lippincott Wikams and Wilans $179-00 


This large book deals comprehensively with all types of 
abdominal hernia end comprises 50 chapters from 98 
distingnished contributing authors. As in all multiauthor 
books, the style and organization of the content varies from 
chapter to chapter and there is some repetition. The 
actiology, history end anatomy of groin hernias occupies the 
first nine chapters. Next come detailed accounts of different 
methods for their repair. Some repairs, such as Bassini’s, are 
of largely historical interest and others, such as the Kugel 
approach, will not find many advocates. Laparoscopic 
repairs are comprehensively described, although few 
surgeons would now use the intraperitoneal on-lay mesh, 
which has a chapter to itself. There are five chapters about 
the complications of groin hernia repair, including the 
important problem of postoperative pain. Ventral incisional 
(seven chapters), paediatric and diaphragmatic hernias are 
considered in detail. The final part of the book includes 
useful but disparate chapters on anaesthesia, pain manage- 
ment, clinical research, defects of pelvic support in women, 
biomaterials and assessment of the quality of hernia repair. 
Some chapters are followed by germane comments from the 
editors. This is a reference book that will be of value to both 
the established surgeon and the surgical trainee. 
J. M. Wellwood 
Whipps Cross University Hosprtal 
Whipps Cross Road 


Leytonstone 
London E11 INR 
UK 
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Fifty Cases of Peripheral Vascular Interventions 


C. J. White (ed.) 
240 x 160 mm. Pp 219 Iiustrated. 2002. London: Martin Dunitz £34 95. 


This book attempts to provide a better understanding of 
peripheral vascular interventions. The authors are mainly 
from the USA, with one contribution each from Argentina 
and France. Essentially there are 50 cases of ‘how I did it’, 
which are ‘intended to serve as examples or templates for 
practitioners wishing to expand their fund of knowledge 
regarding peripheral vascular disease’ (editor's words). 
Each case provides a background procedure and commen- 
tary. Only one of these commentaries (number 48) offers an 
alternative approach to the management of the case. More 
importantly, there are 2 number of cases for which there is 
no evidence base for the treatment offered. My radiological 
colleagues and I were surprised to see that laser-assisted 
angioplasty still has a place in the 21st century. 
Unfortunately the procedure section includes a large 
number of technical devices that are not available in the 
UK. The book therefore has little to offer British vascular 
surgical trainees wishing to obtain a basic grounding in 
vascular intervention, who would be better advised to read a 
more simplified text. For UK vascular surgeons and 
radiologists, this book offers insight into what may be 
possible, but there is little evidence on which to base these 
skilful interventions. 
D.J. A. Scott 
St Fames’s Hospital 
Beckett Street 
Leeds LS9 TTF 
UK 
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AbuRahma AF, Hannay RS, Khan JH, Robinson PA, Hudson JK, 


Davis EA. Prospective randomized study of carotid 





endarterectomy with polytetrafluoroethylene versus collagen- 
impregnated Dacron (Hemashield) patching: perioperative 
(30-day) results. 7 Fase Surg 2002; 35: 125-30. 

Two hundred procedures were studied. Polytetrafluoroethylene patching 
significartly reduced the number of perioperative strokes (0 versus 7, P= 
0-02) and was associated with a reduced rate of carotid thrombosis (0 
versus 5) and death (0 versus 2), but it took longer to achieve haemostasis 
after endarterectomy. 


Ho Y-H, Seow-Choen F, Tan M. Colonic J-pouch function at 6 
months versus straight coloanal anastomosis at 2 years: 
randomized controlled trial. World F Surg 2001; 25: 876-81. 
Forty-two patients were studied after ultra-low anterior resection. After 
6 months patients with a pouch had less frequent defaecation and less 
soiling but by 2 years there were no functional differences between the two 
Groups, 


Yu W, Whang I, Chung HY, Averbach A, Sugarbaker PH. 
Indications for early postoperative intraperitoneal 
chemotherapy of advanced gastric cancer: a prospective 
randomized trial. World 7 Surg 2001, 25; 985-90. 
in this study, which included 248 patients, the overall survival rate was 
improved by chemotherapy from 38 to 54 per cent (FP = 0-03). The survival 
advantage remained significant for patients with serosal tumour invasion 
and lymph node metastases. 


Braga M, Grianotti L, Nespoli L, Radaelli G, Valerio DC. 
Nutritional approach in malnourished surgical patients. A 
prospective randomized study. Areh Surg 2002; 137: 174-80. 
Some 150 patients were divided into three groups. Both preoperative and 
postoperative additional nutrition reduced the total number of complica- 
tions (P = 0-02) and shortened the duration of hospital stay by 2-3 days 
(P= 001). 


Spencer GM, Thorpe SM, Blackman GM, Solano J, Tobias JS, 
Lovat LB er a/. Laser augmented by brachytherapy versus laser 
alone in the palliation of adenocarcinoma of the oesophagus 
and cardia; a randomized study. Gut 2002; 50; 224-7. 

There was no morbidity in the 11 patients randomized to a single dose of 


radiotherapy. in this small study there were no differences in clinical 
outcomes. 


The Propranolol Aneurysm Trial Investigators. Propranolol for 
small abdominal aortic aneurysms: results ofa randomized trial. 
J Vasc Surg 2002; 35: 72-9. 
Some 548 patients with an aorta 3-5 cm in diameter were followed for a 
mean of 2-5 years, The propranolol was poorly tolerated: 42 per cent 
stopped the active medication. Mean aneurysm growth rates were similar 
(0-22 cm per year versus 0-26 cm per year with placebo, Pnot significant). 
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Cao P, De Rango P, Zannetti $. Eversion versus conventional 

carotid endarterectomy: a systematic review. Eur 7 Vase 
Endovasc Surg 2002, 23: 195-201. 
This review included 2599 procedures from five studies. There were no 
Statistically significant differences in perioperative stroke and death rates, 
Sut eversion endarterectomy was associated with a lower rate of 
restenosis, 


Kitano S, Shiraishi N. Fujii K, Yasuda K, Inomata M, Adachi Y. 
A randomized controlled trial comparing open versus 
laparoscopy-assisted distal gastrectomy for the treatment of early 
gastric cancer: an interim report. Surgery 2002; 131: 5306-11. 
The specimens produced for histology by the two techniques were similar. 


The laparoscopically-assisted method was less painful after operation and 
improved early pulmonary function in this study of 28 operations. 


Witte J, Goretzki PE. Dorzenrath C, Simon D, Felis P, Neubauer 

M et al. Surgery for Graves’ disease: total versus subtotal 
thyroidectomy ~ results of a prospective randomized trial. 
World J Surg 2000; 24: 1303-11. 
The effect of three different procedures on Graves’ ophthalmoplegia was 
studied in 150 patients. Radical subtotal resection (remnant less than 
4 mi) optimized the clinical results but minimized the risks of postoperative 
hypocalcaemia. 


smith JJ, Brown L, Greenhalgh RM, Davies AH. Randomized 
trial of preoperative colour duplex marking in primary varicose 
vein surgery: outcome is not improved. Eur 7 Vase Endovasc Surg 
2002; 23: 336-43. 
This study includec 149 consecutive patients. Preoperative duplex 
marking did not affect the outcome of surgery when assessed with further 
duplex imaging at 6 weeks and 1 year. Quality of life was improved in both 


groups by surgery, but there was no difference in the improvement 
between the groups. 


Wolterbeek JH, van Leeuwen AAM, Breslau PJ. Skin closure after 
infrainguinal bypass surgery: a prospective randomized study. 
Eur J Vase Endovase Surg 2002; 23: 321-4. 

Skin closure after 175 procedures was randomly allocated to continuous 
polyamide sutures or stapies. There was no difference in complication rates 


(superficial infection: 8 per cent sutures versus 2 per cent staples; deap 
infection: 1 per cent each), but wound closure was quicker with staples. 


The BFS website can be found at www.bjs.co.uk. In addition 
to details of current and previous articles featured in 
Scientific Surgery, the website contains details of the 
Editorial Team and Board, instructions to prospective 
authors, links to other sites (such as The Cochrane 
Library) and forthcoming surgical events. The Editors 
welcome comments and suggestions about the website, 
either in writing or through the website address. 
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separate page with a brief ttle. Line drawings are acceptable as clear 
black on white graphics, computer print-out or photocopies. Submit 
radiographs, photomicrographs, etc unmounted in the form of glossy 
prints, original transparencies or negatives. Illustrations in colour are 
encouraged and will be printed at no cost to the author. If you include 
photocopies, they should be of sufficient quality to enable the 
Journal’s referees to judge their content and value. Label each 
illustration on the reverse side giving its number (to correspond with 
its reference in the text) and the name(s) of the author(s); indicate the 
top of the illustration. Include a measure of magnification of 
photomicrographs. Include explanations of symbols and shading 
within the figure. Survival curves must be accompanied by a table 
giving the actual numbers of patients involved. Include in the legends 
to illustrations and the footnotes to tables brief but comprehensive 
explanations of all the information presented. Look at recent issues of 
the Journal for examples of accepted layout. Any table or illustration 
reproduced from a published work must give the original source in 
full. You must obtain permission from the original author and the 
publisher before submission. 
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Abbreviations 


Use abbreviations spariagly. Terms that are mentioned frequently 
may be abbreviated but only if this does not impair comprehension. 
Abbreviations must be used consistently and must be defined on first 
use. 


Nuanbers and units 


Use the decimal point, not a comma, for example 5.7. Use a space and 
not a comma after thousands and multiples thereof, for example 
10 000. Use SI units (international System of Units) except for the 
measurement of blood pressure (mmFig). 


Statistics 


For detailed guidance cn the handling of statistical material consult 
Br F Surg 1991; 78: 782-4. In evaluating a manuscript the Editors and 
statistical referees wil. consider the design of the study, the 
presentation and analysis of data and the interpretation of results. 


Design 


Set out clearly the objectives of the study, identify the primary and 
secondary hypotheses, the chosen end-points and justify the sample 
size. Investigators embarking on randomized controlled studies may 


wish to consider the CONSORT statement (www.consort-statement. 


org). 


Presentation 


Whenever possible use graphical presentation to illustrate the main 
findings of a study. The use of standard deviation and standard error 
should be clearly distinguished and presented in parentheses after the 
mean values. 


Analysis 


Clearly describe methods used for each analysis. Methods not in 
common usage should de referenced. Report results of statistical tests 
by stating the value of the test statistic, the number of degrees of 
freedom and the P value. Actual P values should be reported to three 
decimal places, especially when the result is not significant. The 
results of the primary analyses should be reported using confidence 
intervals instead of, or in addition to, P values. 


Interpretation 


Take great care in your interpretations. Do not place undue emphasis 
on secondary analyses. 


References 


Type the references with double spacing in the Vancouver style (see 
Preparation of manuscripts). Reference to abstracts and personal 
communications is discouraged. Reference to unpublished commu- 
nications will not be accepted. 

In the text, number references consecutively by superscript:! or 
References cited only in tables or figures should be numbered in 
scquence. 
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2002 MOYNIHAN TRAVELLING FELLOWHSIP 
AND DINWOODIE AWARDS 





SSA 
The Association of Surgeons of Great Britain and Ireland represents all general surgeons throughout the United 
Kingdom and the Republic of Ireland. An annual Travelling Fellowship up to the value of £4,000 is available by open 
competition to Specialist Registrars towards the end of higher surgical training or Consultants within three years of 
appointment at the closing date of this advert, to enable them to broaden their education and to present and discuss 
their contribution to British and Irish surgery overseas. The Dinwoodie Trust will offer one or two further awards of 
approximately £1,500. 


Candidates must be residents of the United Kingdom or the Republic of Ireland but need not be either Fellows or 
Affiliate Fellows of the Association; however they should be engaged in general surgery or in one of its specialties. A 
full Curriculum Vitae should be submitted giving details of past and present appointments and publications, together 
with a detailed account of the proposed programme of travel, costs involved and objectives to be achieved. Shortlisted 
candidates will be interviewed by the panel at the Association, at 10.30am on Thursday 24 October 2002. The panel 
will pay particular attention to originality, scope and feasibility of the proposed itinerary. The successful candidate 
will be expected to act as an ambassador for British and Irish Surgery and should be fully acquainted with the aims and 
objectives of the Association of Surgeons and its role in surgery. After the visit the successful candidate will be asked 
to address the Association at its Annual General Meeting. 


Deadline for applications: Monday 7 October 2002 

Applications (15 copies) and requests for information should be submitted to the Honorary Secretary, Association of 
Surgeons of Great Britain and Ireland, at the Royal College of Surgeons of England, 35/43 Lincoln’s Inn Fields, 
London WC2A 3PE. 


2002 OVERSEAS SURGICAL FELLOWSHIP 


The Association of Surgeons of Great Britain and Ireland, together with the British Journal of Surgery Society, are 
offering £10,000 per annum to sponsor surgeons wishing to work on a short term basis, primarily in the Third World. 
This Scheme is run in conjunction with the Tropical Health and Education Trust to provide support for overseas 
medical schools in the development of their undergraduate and postgraduate training programmes and also for 
research, thereby, establishing links with these centres. 


Only Fellows including Full, Senior, Associate and Affiliates of the Association of Surgeons may apply and if 
successful, a grant of up to £2,000 will be made available to individual applicants. 


Deadline for applications: Monday 7 October 2002 


Further details are available from Mrs Nechama Lewis, The Association of Surgeons of Great Britain & Ireland, at the 
Royal College of Surgeons, 35/43 Lincoln's Inn Fields, London WC2A 3PE Tel: 020 7973 0300 Fax: 020 7430 9235. 
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Association of Surgeons of Great Britain and Ireland 
and Soclety of Academic and Research Surgeons 


The combined meeting of these societies occurs in Dublin this year and the 
British Journal of Surgery is pleased to continue its association with these two of its 
affiliated societies in the production of this abstract supplement. 


The Editors of B7S wish all participants an enjoyable and ‘fruitful meeting in 
Cardiff. 


The Editors 
BRS 
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Breast 01 


Intraoperative evaluation of axillary sentinel lymph nodes using touch 
imprints and immunohistochemtstry. Part IL Preliminary results 
AA. Salem, AG Douglas-Jones, HM. Sweetland, RG Newcombe and 
RE Mansel 


Department of Surgery, University of Wales College of Medicine, Heath Park, 
Cardyf CFH 4XN, UK 


Alms: The success of the ‘Sentinel Node Biopsy’ (SNB) in determmuing the 
axillary lymph node status necessitates an accurate and rapid method for 
intraoperative examunation of the nodes in order to selectively operate on 
positive axillae dunng the same operative session. The aim of the study was to 
determine the feambility and accuracy of THC stained touch impeants in 
detecting axillary nodal metastases intraoperatively Three hundred and 
forty-foor axillary nodes from 30 patients [23 axillary node clearance 
(ANC), 2 axillary node sampling (ANS) and 5 SNB], were bisected, imprinted 
and stained with IHC. Results were compared with those of H&E sections of the 
same nodes 

Results: Using IHC, 29 nodes from 9 patients were positive for metastases 
Using H&E, 28 nodes from 8 petients were positrve, resulting m 30 per cent and 
27 per cent positive cases and 8 4 per cent and 8 1 per cent positive nodes for 
IHC and H&E, respectively. On a patent basis, sensitivity was 100 per cent and 
89 per cent, and negative predictive value (NPV) was 100 per cent and 95.5 per 
cent for IHC and H&E, respectively. On a node bass, sensitivity was 96 7 per 
cent and 93.3 per cent and NPV was 99.6 per cent and 99 5 per cent for THC and 
H&E, respectively Because of the absence of false positives, specificity and 
ponitive predictive value (PPV) were 100 per cent for both THC and H&E With 
ANS and SNB procedures, results were obtained within 35-50 mm depending 
on the number of the nodes grven 

Condusion: These results indicate that IHC steuned touch impnots can 
provide a fast and sensitive method for detecting metastases in axillary nodes 


during breast cancer surgery 
Breast 02 


Pre-operative evaluation of radial scars (RS) and complex sclerosing 
lesions (CSL): are fine needle aspiration cytology (FNAC) and core biopsy 
(CB) usefal? 

D.C. Windmill, C. Holgate, P.A. Jones, J.R. Steel and R.M Watkims 
Primrose Breast Care Centre, Derriford Hospital, Plymouth, PL6 8DH 


Alms: Many screen-detected RSs and CSLs are associated with malignant 
disease and the diagnoshe accuracy of FNAC and CB ın preoperative evalua- 
tion remains uncertain Our aim was to determine the role of FNAC and CB in 
the management of these lesions 

Methods. The results of FNAC and CB ın 54 women (age range: 36-72 years, 
mean 53 years) with a definitive diagnosis of RS or CSL at excision biopsy 
between January 1999 and January 2002 were reviewed. 

Results: FNAC in 37 patients was inadequate in 15 (41%) Sixteen patents 
were classified as C2 (43%), three as C3 (8%), one as C4 (3%) and two as C5 
(5%). CBs in 37 patents were graded as B1 in foor patients (11%), B2 in 27 
(73%), B3 m four (11%), B4 ın two (5%). Four cases of ductal carcinoma in- 
stu and three of mvasive carcinoma were idenufied following excision 
biopsy None was diagnosed pre-operatively by CB. One mvastve carcinoma 
was diagnosed on FNAC One patent had a false positrve result on FNAC Only 
14 of 37 women (39%) had positive diagnosis of RS or CSL on pre-operative 
CB A further sx women (169%) had CB results suggestive of RS or CSL. 
Condusion: FNAC and CB are msufficient to accurately diagnose pathology 
associated with RS or CSL Excumon biopsy remains essential 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


ASGBI: Breast 01-06 
Wednesday, 22 May 08.45—10 00 


Breast 03 

Tubular carcinoma of the breast: is long-term survival assured? 
N. Beechey-Newman, A. Bashocun, K. Ryder and AE Young 
Breast Unit, Guy's & St Thomas’ Hospitals, London, UK 


Alms: To review the long-term (20-25 years) survival of patents with pure 
tubular carcinoma and to investigate whether this lesion does confer a better 
survival compared with the control group of other commoner grade I mvasive 
ductal carcinomas of no specified type (NST) Case records from 1975 to 2000 
were obtained for all grade I invasive ductal carcmomas (NST and TC) treated at 
Guy’s Hospital, Landon. There were 73 patients with pure TC and 420 grade I 
(NST) The mean follow-up was 9 7 years. All patients had tumourectomy and 
complete suullary dissection. Kaplan-Meier survival curves were compiled and 
statistical analysis was carried out using the log rank method. 

Results: There was no comelation between histological type and age 
(P =0.102) or nodal status (P=0.205) In the TC group survival was sig- 
nificantly better in patients without lymph node metastasis (P = 0.0412). No 
significant statistical differences in long-term survival of pahents with TC and 
those with G1 (NST) were identfied (P = 0.487). Moreover the sumilanty in 
overall survival remained after subdivision into node negative (P = 0.23) and 
node pontive (P =0 70) groups. 

Condusion: Although pure tubular carcinoma has been thought to be a 
favourable subtype of breast cancer, it 1s concluded that rts overall long-term 
survival is no better than that of the commoner grade I invastve carcinoma of 
nonspecific type Therefore tubular carcinoma should continue to be regarded 
as potentially life-threatenmg in the longer term and accordmgly should not 
merit an attenuated treatment or follow-up protocol. 


Breast 04 


Role of a polymorphism in 3 -untranslated region of vascular endothelial 
growth factor gene in breast cancer 


S.P Balasubramanian, NJ. Brown and M W Reed 


Department of Surgery and Surgical Oncology, Univernty of Sheffield, 
Sheffield, UK 

Alms: Vascular endothelial growth factor (VEGF) 1s over expressed in breast 
cancer and correlates with tumour progression and prognoms Many poly- 
morphisms occur in the VEGF gene mncluding a single nucleotide polymorph- 
ism m the 3’-untranalated region (936 C>T), which 1s significantly associated 
with plasma VEGF levels We armed to study the role of this polymorphism in 
breast cancer susceptibility and severity. 

Methods Blocd samples were collected from 1575 breast cancer patents 
(attending the follow-up clinic at the Royal Hollamshire Hospital, Sheffield) 
and controls (attendmg the Breast Screening service in Sheffield) DNA 
extraction, PCR amplification of the target sequence and genotyping for the 
936 C > T polymorphism using the ABI pusm 7200 Sequence Detection 
System (Taqgman™ allelic discrimination method) was performed (South 
Sheffield Research Ethics Committee, Ref No. SS98/137). 

Results: The genotype frequencies of the polymorphism in the control 
population [75 per cent, 2 per cent and 23 per cent for the 1 1, 2'2 and 1:2 
genotypes, respectively] are in Hardy-Weinberg equilibrmum Overall, there is 
no association between the polymorphism and breast cancer [Odds ratio = 1 05, 
with 95 per cem confidence intervals of 0 83 and 1 33] Analysis of the first 
1284 patients and controls suggested an interaction between hormone replace- 
ment therapy and the genotype. This was not confirmed in the entire dataset of 
1575 undividuals. There 1s no association of the genotype with tumour grade, 
nodal status and vascular mvasion 

Conclusion: The 936 >T polymorphism in the 3’UTR of the VEGF gene is 
not associated with breast cancer susceptibility and/or severity 
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The association of ghrelin with tumourigenic genes in normal and 
malignant breast tissue 


C. Laban, W. Ugunkolade, S, Bustin, P.J. Jenkins and R. Carpenter 
Depariment of Breast Surgery, St Bartholomews Hospital, London, UK 


Aims: (i) To quantify the mRNA levels of GHRH, ghrelin and their receptors in 
malignant and adjacent normal breast tissue, and (11) to determine any correla- 
tion between such expression and that of the tumour associated genes, PCNA, 
c-myc, Cox-2 and VEGF 189. 

Methods: Total RNA was extracted from 60 samples of paired normal breast 
epithelium and carcinoma. mRNA levels of each gene were quantified using 
a real time, hydrolysis probe-dependent RT-PCR assay (‘Taqman’), and 
expressed as log copy no./jig total RNA. 

Results: Expression of GHRH, GHRH-R and GHS-R la was absent in all 
specimens of normal and malignant breast tissue. Ghrelin mRNA was expressed 
in all samples of normal tissue and cancers, but there was no significant 
difference between the two (median level: 1.6 x 10° versus 2.1 x 10° copy 
no./ug total RNA, respectively). In normal breast tissue there was a significant 
correlation between ghrelin mRNA levels and those of all genes studied. 
Weaker correlations were present in the cancers. 





c-myc Cax-2 VEGF- 189 PCNA 
O40" 0.34" 0.41" 0.66°°° 
Normal tissue 
Malignant tissue 0.56"" 0.33* 0.37" 0.15 


Correlation coefficients between mRNA copy no. of ghrelin and c-myc, Cox-2, 
VEGF- 189 and PCNASP < 0.05; “P < 0.0005; 7P < 0.000005 


Conclusion: The universal expression of ghrelin and its association with that 
of genes implicated in breast tumourigenesis suggests a role for ghrelin in both 
the maimtenance of normal breast tissue and tumourigenesis. The absence of the 


Po 


GHS-R Ja strongly implies that the effects of ghrelin are mediated via a novel 
receptor. Whether these effects are independent of the GH/IGF-I axis remain to 
be determined. 


Breast 06 


Use of standard referral forms does not reduce inappropriate referrals to 
specialist breast clinics 


L Reid 


Department of Surgery, Victoria Infirmary, Langside Road. Glasgow and 
University of Glasgow 


Aims: Specialist Breast Clinics suffer from large numbers of inappropriate 
referrals, which prolongs waiting times for urgent cases. This study attempted to 
reduce inappropriate referrals by the introduction of a standardized referral 
performa based on NHS referral guidelines. 

Methods: A previous prospective audit of new-patient referrals from primary 
care to the Specialist Breast Clinic showed 28 per cent of all referrals to be 
inappropriate according to NHS guidelines. We asked general practitioners 
referring patients to this breast clinic to complete a postal questionnaire 
regarding their knowledge of and adherence to published referral guidelines. 
GPs then received a copy of the NHS guidelines for referral to specialist breast 
clinics, and a draft referral form for breast clinic referrals. All breast clinic 
referrals were audited over the subsequent 3 months. 

Results: Thirty-seven per cent of 225 responding GPs said they did not 
implement published referral guidelines. Of 309 new referrals, 80 referrals 
(26 per cent) were inappropriate according to referral guidelines. Ninety-three 
referrals (31 per cent) were designated urgent, of which 41 (44 per cent) were 
appropriate for urgent appointments. Nineteen patients (6 per cent of referrals) 
had a final diagnosis of breast cancer: 6 (32 per cent) had not been referred 
urgently. Thirty-one per cent of referrals were made on the new forms, and 22 
per cent of referrals on these forms were inappropriate compared to 28 per cent 
of referrals made without the forms (P = 0.38, x" test). The introduction of 
standardized referral forms based on NHS referral guidelines resulted in a poor 
uptake of these forms by GPs, and did not reduce the number of inappropriate 
referrals to this clinic. 
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General 01 
Laparoscopic cholecystectomy in patients over 80 years old — 10-year 
review 


AL Tambyraja, S Kumar and S J. Nixon 


Department of General Surgery, Western General Hospital, Edinburgh EH4 
2XU, UK 


Alm: To assess the mortality and morbidity of laparoscopic cholecystectomy 
(LC) in patients over 80 years old 

Methods: All patients aged 80 years or over who had LC in one surgical unt 
between January 1991 and December 2000 were reviewed. Data were collected 
from bospital case notes and the Lothian Surgical Audit Database as required. A 
record of patients’ demographic details, presentation on admission, operative 
details, postoperative complications, duration of hospital stay, m-hospital 
morbidity and 30-day mortality was made 

Results: A total of 117 patients, 79 (68 per cent) women and 38 (32 per cent) 
men, median age 83 years (range: 80-93) had LC over the 10-year penod Mam 
mdications for LC were. chronic cholecystts in 61 (52 per cent), acute 
cholecystitis in 29 (25 per cent) and gall stone pancreatitis in 11 (9 per cent) 
Forty-one (35 per cent) patients had pre- or postoperatrve ERCP Of these 41 
patients, 21 (51 per cent) required intervention for CBD stones, sx (5 per cent) 
paticats were converted to an open procedure, and 45 (38 per cent) patients had 
emergency LC. Postoperative complications developed in 26 (22 per cent) 
patients — resparatory in 10 (38 per cent), urinary m seven (27 per cent), cardiac 
mm four (5 per cent) and intraperitoneal collectons in four (5 per cent). Median 
postoperative hospital stay was 3 (1-31) days. Thirty-day mortahty was 1 (09 
per cent) in the series 

Concdustons: Laparoscopic cholecystectomy was performed in 117 patents 
over 80 years old with a mortality of 0 9 per cent. Postoperative complicatons, 
mostly cardio-respiratory, developed m 22 per cent 


General 02 


Prevalence of methicillin-resistant Staphylococcns aureus (MRSA) 
colonization in surgical patients on admission to a Weish hospital 


A. Samad, S Ghosh and N, Carbarns 


Departments of Surgery and Microbiology, Nevill Hall Hospital, Abergavenny, 
UK 


Aims: MRSA-induced mfections in surgical patients are increasing and often 
have disastrous consequences The prevalence and nek factors of MRSA 
colonization were studied in surgical pahents 

Methods: All patients admitted to general surgical and orthopaedic wards m a 
Welsh District General Hospital were studied prospectively over a period of 
3 months. At the tme of admission, a detuled questionnaire was completed 
Nasal swabs and swabs from any pre-existing wound stes in each patient were 
sent for culture. 

Results: A total of 430 patients were stuched of which 23 patients (5 3 per cent) 
were positive for MRSA ın the mtal swab Fifteen (65 per cent) of the MRSA- 
postive patients were nasal carriers and the rest had MRSA colomzation 
elsewhere m the body Four risk factors were identified. Previous admission 
to nursing home was a definite mak factor when conmdered alone and in 
combmation with other nak factors (P= 0000) Age above 70, in unrvanate 
analysis, was a definite nak factor (P = 0.002), but lost sgnificance in mult- 
variate analysis Male scx (P=0.054) and previous hospital admission 
(P=0.051), which were marginal rak factors when considered alone, 
were strengthened in multivanate analyas (P=0.026 and P=0.007, 
respectively) 

Conduslon: We suggest patients with these nsk factors should be screened for 
MRSA colonization pnor to any elective surgical procedure and appropriate 
prophylaxis grven Preoperative prophylaxis should be considered for all high- 
nak patients undergoing emergency surgery. 
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General 03 

Bactertal translocation across intestinal epithelial monolayers is a species- 
and strain-mpecific polarized process 

EC Clark, P Chadwick, G. Warhorst and GL Carlson 


Departments of Surgery, Microbiology and Gut Barrier Group, 
Hope Hospual, Salford, UK 


Aims: In critical ines, bacteria may translocate across the gut epithelium, it 1s 
unclear whether all bacteria can translocate to the same extent We hypothe- 
sized that specific bacteria—enterocyte interactions determine whether bacterial 
translocation occurs. 

Methods: Caco-2 intestinal cell monolayers were cultured for 18~21 days in 
bicameral (Transwell) systems. Bacterial translocation across monolayers was 
studied under control and stressed (glutamine deprivation and 20 ng mL’ basal 
tumour necrosis factor-a meubation for 6h) conditions Rates of apical to basal 
(A®—B) and basal to apical (B® — A) translocation were measured by 
inoculating apical or basal chambers with 10° cfu of: Escherichia coli (strams 
C25 and B2), Pseudomonas aeruginosa, Streptococcus faecalis, and Staphy- 
lococcus epidermidis. Translocation of bacteria was measured after 4h by serial 
dilution culture of the other chamber. Results (mean +SD, n=3) were 
analysed by one-way ANOVA. 

Results: Under control conditions, all bactena translocated to the same extent. 
Polarized translocation was noted for E coli C25 alone, with flux from B® — A 
almost 10-fold higher than A®—B In stressed monolayers, translocation 
increased only for E col: C25 


[Bacteria] (log cfu mL‘) 


A® +B B® +A A®—B B® A 
Bacterial species Control Control Stressed Stressed 
E. coli C25 33401 424017” 554027 544017 
E col B2 35+03 36402 36403 3.8104 
P aeruginosa 31402 32402 35403 3.4401 
S. faecalis 33402 34402 34402 34403 
S epidermidis 3.7404 35402 33402 3202 


“P<001 vernus control. 


Condustons: Polanzed, stress-induced translocation 1s a bactenal-specific 
process, implymg that molecular bactenal-enterocyte interactions play a 
mechanistic role. 


General 04 


Technical complications of feeding jejunostomy — a retrospective study 
RS Date, W.D.B Clements and R. Gilblend 


Department of Surgery, Royal Victona Hospital, Belfast, Northern Ireland, UK 
Alms: Intraoperative placement of feeding yeymnostomy 1s a well-established 
method of providing access to enteral feeding. A retrospective study was 
undertaken to look at the technical complications related to the procedure 
Methods: Patents undergoing feeding pejunostomy in the thoracic and upper 
gastrointestinal surgical units at the Royal Victoria Hospital from January 1998 
to December 1998 were included ın the study. The charts of all the patients were 
studied retrospectively 

Results: Forty-two patients underwent a feeding jeyunostomy m the time 
period studied Thoty-one petients had a jesunostomy as an adjunct to major 
oesophageal or gastric surgery. In five patents, feeding jeyunostomy was 
performed in conjunction with other palliative procedures and m six patients 
it was performed as a sole procedure Nine (214 per cent) pahents had 
procedure-related complicahons Of these, seven (167 per cent) were 
minor meluding dislodgement of the tube (n = 4), blocked tube (n = 2), and 
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intraoperative catheter damage (7 = 1). Two (4.7 per cent) patients had major 
complications requiring emergency laparotomy. A single patient died as a result 
of a procedure-related complication. | 

Conclusion: Feeding jejunostomy should not be considered as a benign 
surgical procedure. Proper attention to surgical technique and postoperative 


management is essential to prevent serious or life-threatening complications. 


General 05 


Implementation of NCEPOD guidelines to defer urgent surgery to daytime 
lists may increase risk of mortality 


G.N.O. Dair and DJ. Leaper 


Professorial Unit of Surgery, University of North Tees, Stockton on Tees, 
Cleveland TS19 SPE. UK 


Aims: The 1987 NCEPOD report concluded that preoperative resuscitation was 
sometimes compromised by undue haste to operate, This study has examined 
the resultant policy of not operating at night and whether there is any evidence 
to suggest if this delay has an effect on outcome. 

Methods: Sequential physiology scores were recorded in 68 patients present- 
ing with abdominal pathologies that required urgent surgery. The physiology 
components of the POSSUM, APACHE H and IH and SAPS H were scored at 
presentation, during resuscitation and immediately before surgery. 

Results: There were 57 survivors and 11 nonsurvivors. All scoring systems 
showed an improvement in scores during resuscitation but subsequent dete- 
rioration prior to surgery. A subset analysis of the perforations (n= 43; 37 
survivors, six Nonsurvivors) was undertaken. The age and resuscitation time was 
76 (55-91) years and 25.5 (11-216) h, median and range, in nonsurvivors; and 
66 (17—89) years and 11 (3—224)h in survivors: P < 0.05 (Mann-Whitney U- 
test). APACHE II scores differentiated between the survivors and nonsurvivors 
better than the other systems. The scores at admission, the lowest during 
resuscitation and before surgery were 26 (6-63), 22 (5-63) and 28 (8-72) for the 
survivors, respectively, and 43 (29-55), 34 (24-50) and 51 (39-58) for the 
nonsurvivors; P < 0.01 (Mann-Whitney U-test). 

Conclusions: Patients undergoing urgent surgery can deteriorate during 
resuscitation, those over 65 years old with perforations resuscitated over 


12h are at most risk. In contradiction to the NCEPOD findings, some patients 
may require more expedient surgery and this has significant repercussions for 
the structure and organization of emergency surgical services. 


General 06 


Outcome of patients with severe chronic pain following repair of a groin 
hernia — a population-based study 


B. Page, C.A. Courtney, K. Duffy, M.G. Serpell and PJ. O° Dwyer 


University Departments of Surgery and Anaesthesia, Western Infirmary, 
Glasgow, UK 


Aims: Chronic pain is the most serious long-term complication that can occur 
after repair of a groin hernia. The aim of this study was to assess the outcome of 
patients who reported severe or very severe pain 3 months after groin hernia 
repair. 

Methods: A population-based study of all patients who underwent 
repair of a groin hernia between April 1998 and March 1999 in Scotland. 
All received a postal questionnaire 3months after hernia repair and 
again 2.5 years later for those that reported severe or very severe pain at the 
operation site. 

Results: A total of 5506 patients underwent repair of a groin hernia, 4062 (74 
per cent) returned the first questionnaire, while 125 (3 per cent) reported severe 
or very severe pain. A total of 86 (72 per cent) of the 120 patients (five had died 
or could not be contacted at the original address) replied to the second 
questionnaire. Sixty-one (71 per cent) still reported pain which was severe 
or very severe pain in 22 (25 per cent) and was mild or very mild in 39 (45 per 
cent), Twenty-nine (47.5 per cent) sought further medical help from either their 
GP or surgeon. Nine (15 per cent) attended a pain clinic, while five (8 per cent) 
had further surgery. Chronic pain had significant effects (P < 0.0001) on all 
daily activities, including walking, work, sleep, relationships with other people, 
mood and general enjoyment of life. 

Conclusions: Chronic pain persists in most patients who report severe or very 
severe pain at 3 months after hernia repair and has a significant effect on the 
patients’ daily activities and quality of life. 
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Colorectal Qi 


The 2-week wait for patients with suspected colorectal cancer: the role of 
fast-track barium enema 


P. Sylvester, D. Glancy, M. Card, P. Durdey, M. Thomas, M. Callaway and 
J. Virjee 

Department of Surgery and Department of Radiology, Bristol Royal Infirmary, 
Bristol, UK 


Aim: Specific referral guidelines have been drawn up for patients with 
suspected colorectal cancer, requiring an outpatient appointment within 2 
weeks. To meet this increased demand we evaluated the efficacy of fast-track 
barium enema in the management of such patients. 

Methods: Patients with suspected colorectal cancer had a barium enema 
within 2 weeks which was double reported by two consultant radiologists. 
Patients with a malignancy were booked for a staging CT scan and an outpatient 
appointment to see a consultant colorectal surgeon. A letter with the result was 
faxed to the GP the same day. Patients without malignancy were referred back to 
the GP. 

Results: Prospective data were obtained on 309 successive patients over a 16- 
month period. The mean time from referral was 11.5 days and 277 patients 
(89.6 per cent} were seen within 2 weeks. Thirty-eight patients (12.3 per cent) 
had a colorectal cancer. Thirty-six patients went on to have a CT scan within a 
mean of 19,2 days. Mean time to first clinic appointment was 36.0 days. 
Referrals increased over each 4-month period (66, 60, 71 and 112) but the 
percentage of positive barium enemas remained similar (15.2 percent, 10.0 per 
cent, 12.7 percent and 11.6 per cent). To date there has been one false-negative 
examination. Radiologically benign polyps alone were shown in 29 patients 
(10.7 per cent). 

Conclusions: The provision of specialist radiology as the first interven- 
tion has enabled accurate diagnosis and rapid staging of patients with 
suspected colorectal cancer. In addition fast-track barium enema has reduced 
the impact of the 2-week wait on the outpatient management of benign 
colorectal conditions. 


Colorectal 02 


Prospective randomized clinical trial of Ligasure versus open 
haemorrhoidectomy 


D.L. Francis, F.F. Palazzo, F. Amen and M. A. Clifton 
Department of surgery, Princess Alexandra Hospital, Harlow, Essex, UK 


Aims: This study was designed to assess a new technique for haemorrhoi- 
dectomy using the bloodless bipolar diathermy apparatus “Ligasure’. Our aim 
was to establish if it had advantages over conventional open haemorrhoidect- 
omy in terms of operating time and postoperative pain. 

Methods: Thirty-four inpatients were randomized to undergo either Ligasure 
(18) or diathermy (16) haemorrhoidectomy. The operating time, amount of pain 
and postoperative analgesic requirement, postoperative complications and 
overall patient satisfaction were documented. 

Results: The median duration of surgery was shorter in the Ligasure haemor- 
rhoidectomy group (5.1 versus 9.2 min) (P < 0.001). There was no statistically 
significant difference in the postoperative pain score, but the median analgesic 
requirement was lower in the Ligasure group (850 versus 1600 mg) (P = 0.013). 
Patient satisfaction was similar for both Ligasure and diathermy haemor- 
roidectomy. 

Conclusions: Ligasure haemorrhoidectomy is a simple and bloodless tech- 
nique, which is as painful as diathermy haemorrhoidectomy but associated with 
reduced analgesic requirement and shorter operating time. 
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Colorectal 03 


The uses of GIA staplers in closing blind intestinal ends: the threshold 
intraluminal pressure causing leak and methods to counteract it 


M. Hilmy, I. MacKenzie and A. Macdonald 
Department of Surgery, Monklands Hospital, Airdrie, UK 


Aims: This study assesses the intraluminal pressure required to disrupt a stapled 
anastamosis constructed using linear and transverse staplers. Secondly, the 
effect of a reinforcing sutured layer on the disruption pressure is examined. 
Method: Five-centimetre segments of intestine were harvested from patients 
undergoing intestinal resection for malignancy (n = 19). Both ends were closed 
with a linear stapler (n = 13), one end was reinforced with four interrupted sutures 
(3/0 Poliglecaprone 25). A biluminal catheter was introduced into the lumen 
and fixed with a purse-string suture. Normal saline (0.9 per cent) was infused 
into the lumen (60mL/min) and the bursting pressure recorded for the 
linear stapler, transverse stapler (n= 6) and reinforced stapled anastamoses 
(n= 13). 

Results are expressed as a median (interquartile range) and comparison made 
using ANOVA with P < 0.05 significant. 

Results: Staple lines produced using a transverse stapler disrupted at higher 
pressures than those produced using linear staplers, 109 (95-130)cm H2O 
versus 55.5 (46-82) cm H-0. P < 0.0001. Suture reinforced linear stapler lines 
disrupted at pressures twice as high as unsupported linear stapler lines, 126 
(112-15l)cm HO versus 72 (58.5-93)cm H0, P< 0.0001. Reinforcing a 
linear staple line with interrupted sutures increases the disruption pressure to a 
level compatible with a transverse stapler, 126 (112-131)cm H,O versus 109 
(95-130) cm H,O, P< 0.1. 

Conclusions: Different methods of stapling result in significantly different 
physical properties of an anastamosis. Augmentation of a staple line using 
interrupted sutures enhances the mechanical strength of an anastamosis. 


Colorectal 04 


Laparoscopic resection for colorectal cancer does not affect cancer specific 
outcomes: report from a case control study of laparoscopic right 
hemicolectomy versus open right hemicolectomy 


R.P. Baker, L.V. Titu, JE. Hartley, P.W.R. Lee, G.S. Duthie and 
J.R.T. Monson 


Academic Surgical Unit Castle Hill Hospital, Hull 


Aim: The aim of our study was to examine all the laparoscopic nght hemi- 
colectomies carried out for cancer in our unit and to compare them with a case 
control series of open right hemicolectomies, with a particular emphasis on 
long-term survival. 

Methods: A retrospective case control series of right hemicolectomies com- 
paring those done laparoscopically to an age and stage matched series of 
patients who underwent open surgery. Analysis was done on an intention to treat 
basis. Survival was analysed using the techniques of Kaplan—Meier. 
Results: Ninety-nine patients were included, 33 laparoscopic, 66 open (mean 
age 69.7 years). The distribution of Dukes stage was the same between the two 
groups and mean potential follow-up period was 65.7 months. There were 6 
laparoscopic conversions. Days nil by mouth were significantly shorter in 
the laparoscopic cohort, mean of 2.4 days compared with a mean of 3.65 days 
(P = 0.005 Mann-Whitney). Days the patients required parenteral opiates were 
significantly shorter in the laparoscopic cohort, mean number of days 2.5 
compared with 4.5days in the open group, (P= 0,008 Mann-Whitney). 
Overall survival was compared between the open and laparoscopic groups, 
there was no difference seen, with a mean overall survival of 40 months in the 
laparoscopic cohort compared with 39.4 months in the open cohort (P = 0.348 
log rank). 

Conclusion: Laparoscopic right hemicolectomy for cancer does not compro- 
mise long-term survival and affords the advantage of a shorter period of 
postoperative ileus and decreased analgesia requirements. 
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Colorectal 05 
Determining the risk of perioperative death in colorectal cancer surgery 
T.T. Irvin and S. Marriott 


Department of Colorectal Surgery, Roval Devon & Exeter Hospital { Wonford), 
Exeter, Devon, UK 


Aims: The purpose of the study was to establish a simple method for the 
identification of those patients who are at risk of perioperative death in 
colorectal cancer surgery. 

Methods: The value of POSSUM physiological scores and ASA grades in the 
prediction of perioperative death was determined in a prospective study of 661 
patients undergoing colorectal cancer surgery. ASA grades were recorded by 
anaesthetists in 647 patients and POSSUM physiological scores were calculated 
by surgeons for all patients. 

Results: The overall perioperative mortality was 2 per cent (2 per cent in 
elective operations and 4 per cent after emergency surgery). In the prediction of 
perioperative death, a POSSUM physiological score >30 had a sensitivity of 10 
per cent, a specificity of 98.2 per cent and a positive predictive value of 26.2 per 
cent. By comparison, ASA grade 4 had a sensitivity of 27.6 per cent. a 
specificity of 98.9 per cent and a positive predictive value of 53.3 per cent. 
The death rates in ASA grade 4 patients were 18.2 per cent in patients aged 
<80 years and 50 per cent in those aged >80 years. Patients who were ASA 
grades 1. 2 or 3 had mortality rates of 0, 1.2 per cent and 2.4 per cent, 
respectively. 

Conclusions: Respectable overall mortality rates in large series of patients 
conceal the risks of death in patients with serious comorbidities. ASA grades 
have significant value in identifying patients who are at risk of perioperative 
death in colorectal cancer surgery and the level of risk can be identified in 
individual patients. 
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Colorectal 06 


Quality of life and level of pain in a randomized controlled trial between 
accelerated and traditional care pathways after major colorectal surgery 


C.P. Delaney, M. Zutshi, A.J. Senagore. FH. Remzi and V.W. Fazio 


Department of Colorectal Surgery, Cleveland Clinic Foundation, Cleveland. 
Ohio, USA 


Aims: Fast track postoperative protocols can yield a 4.3-day (d) stay after 
intestinal surgery, compared to 7-10d with traditional (TRAD) approaches. 
Patient satisfaction, quality of life and pain are poorly understood after abdominal 
surgery, and have not been compared after fast track and traditional care. 
Methods: Sixty-four intestinal resection cases were random! y allocated 
fo CREAD (controlled rehabilitation with early ambulation and diet} or 
TRAD. CREAD cases received: no NG tubes: ambulation and liquids on 
dł; soft diet, oral analgesia on d2. TRAD patients had: NG tubes: liquids, 
oral analgesia and diet after bowel function; ambulated on d 2. Postoperative 
endpoints at discharge, d 10 and d30 used the Short Form-36 quality of life 
form, Cleveland clinic global quality of life scale (CGQL) and the McGill pain 
score. 

Results: Length of stay including readmissions was 5.4d in CREAD and 7.1 d 
in TRAD patients (P = 0,02). Changes in the mental component of the SF36 
(reduced from 51} to 42, P < 0.01), and McGill score (increased from 3.9 to 7.6, 
P < 0.05) in CREAD patients at discharge, were resolved at d 10 and d30, and 
are attributed to the shorter stay of CREAD patients. There were no differences 
in any other variable at any time. 

Conclusions: Patients using the CREAD had a shorter postoperative stay, 
without altered quality of life or pain scores on d 10 and d 30 after surgery, when 
compared to patients managed by the TRAD approach. It should be considered 
as a primary care pathway for patients undergoing intestinal resection. 
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Transplant 01 


Warm ex-yivo kidney perfusion permits pretransplant evaluation of 
renal function 


M S. Metcalfe, S A Hoagood, JR Waller and ML Nicholson 

Transplant Division, University of Leicester, Leicester General Hospital, UK 
Aims: Renal preservation by normothernuc machine preservation of kidneys 
may perut pretransplant measurement of organ function, and therefore via- 
bility, and may offer the prospect of improved organ preservation The aim of 
this study was to compare the efficacy of preservation by normothermic «x-vrve 
perfusion with conventional cold techniques 

Methods: Groups of pigs (a = 5) underwent left nephrectomy followmg warm 
ischaemic times (WIT) of 0 or 30 mn Kidneys were preserved either by static 
cold storage (UW solution, 4°C) (CS), cold machine perfusion (UW solution 
3-8 °C, 60 mmHg systolic) (CP) or warm machine perfusion (WP) using a 
tissue culture fluid and perfluorocarbon emulsion to increase oxygen capacity. 
Ex-vivo renal funchon was measured dunog WP by creatinme clearance. 
After 24h, the ladney was auto-transplanted and a nght nephrectomy per- 
formed 

Results: Ex-vivo creatinine clearance was higher m the 0 WIT group (6.6 +5 3 
versus 1341.4mLmin7', P=0.01) Fourteen-day anımal survival rates 
following transplantation of O WIT kidneys preserved by CS, CP and WP 
were 3/5, 4/5 and 4/5, respectively (N S.). Mean (SD) area under the creatmine 
curve levels following CS, CP and WP were 11062 (6117), 9247 (8493) and 
11 458 (5877), respectively (N.S.). Only 1/5 animals m each group survived for 
14 days after a 30-min renal WIT. 

Concdusions: This study demonstrates that warm perfusion using a perfluoro- 
carbon-based oxygen carrying 1s associated with equivalent efficacy for 
renal preservation as conventional hypothermic techniques A further finding 
good ex-yrvo function is associated with high rates of post-transplant renal 
viability 


Transplant 02 


How great is the survival advantage of transplantation over dialysis in 
elderly patients? 
G C. Onscn,' H. Brown,” H. Short? and JL R Forsythe! 


!Transplant Unu, The Royal Infirmary, Edinburgh, UK, 7Information and 
Statutics Diwinon, NHS Scotland, UK and 7UK Transplant, UK 

Alm: Patients over 60 years represent 66 per cent of all new patents starting 
dialysis in Scotland This study investigates whether or not transplantation 
provides a survival benefit compared with dialysis in elderly patients 
Methods: A total of 325 patients over 60 years were listed for transplantation 
between | January 1989 and 31 December 1999 and followed up unti 
31 December 2000. Socio-demographic, listing, transplant and comorbidity 
data were obtained from the national renal and transplant databases and 
case-notes review Survival was compared between those who were 
transplanted and those who remained on dialysis by the end of the follow- 
up period 

Results: A total of 128 patents (39.4 per cent) recerved first transplant and 197 
patients (60 6 per cent) remamed on dialysis. The patents who were transplan- 
ted were younger at listing (P<0 0001), imed nearer the transplant centre 
(P = 0 043), spent less time on the active waiting lst (P < 0 0001) and had less 
ischaenuc heart disease (P = 0.024), cerebrovascolar disease (P = 0 03) and arrhy- 
thmuas (P = 0 016) compared with those who remamed on dialysis. The mortality 
rates were 0 16 and 0 10 per pahent-year for dialysis and transplant, respectively 
A Cox proportional hazard model adjusted for socio-demographic and comarba- 
dity factors found that patents who remained on dialysis had a significantly 
increased risk of death compared with transplant recipients (relatrve risk 0 30; 
95 per cent CI 013-070, P<0.0001) The adjusted estimated 1, 5 and 
10 years survival rates for the two groups are shown in the table (P< 0 0001, 
log rank) 
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Survival Remain on dialysis Transplanted 
(years) n= 197 (%) n= 128 (%) 
l 94 98 
5 56 82 
10 0 23 


Conclusions: Renal transplantation offers a significant survival advantage 
over dialysis in elderly patients with end-stage renal failure who are considered 
suitable for transplantation 


Transplant 03 


De noro tacrolimus-based fmmunosuppression reduces renal allograft 
fibrosis compared to neoral: a prospective randomized clinical trial 


GJ. Murphy, J R. Waller, R- Sandford and MLL Nicholson 


University Department of Surgery, Leicester General Hospital, Gwendolen 
Road, Leicester LES 4PW, UK 


Alms: The aum of this study was to compere the effect of neoral cyclosporine and 
tacrolmus-besed therapy on the development of renal allograft fibrosis (chronic 
allograft nephropathy, CAN) ın a prospectrve randomized trial 

Methods: A total of 102 renal transplant patrents were randomized to either 
mucroemulsion cyclosporine (peoral) ar tacrolimus-besed immunosuppression. 
Renal transplant interstitial fibrosis was quantified using computenzed histo- 
Morphometric measurement of picrosrius red-stauned j-year protocol renal 
transplant biopsies, and levels of mterstitial fibroms were compared in relation 
to observed efficacy and toxicity profiles of the two drugs. 

Results: There was a significant mcrease in allograft interstitial fibrosis m the 
neoral treated (sirius red area fraction staumng 249+11 1) compared to the 
tacrolmustreated patients (159+6.5, P=0 002, Student’s t-test). There was 
no significant difference in the demographic characteristics between the patient 
groups or in the incidence of acute (35 per cent tacrolimus versus 36 per cent 
neoral, P=0 8, Student's t-test) or steroid resistant reyection (tacrolimus and 
neoral 10 per cent, P=09, Student’s Hest) There was a stanstical trend 
(P =0 07, Chi-square) towards a higher incidence of insulin resistance in the 
tacrolimus group (post-transplant diabetes mellitus, glucosetolerance testing). 
Neoral was associated with a significant mecrease m total cholesterol (MANOVA, 
P=0 03) and LDL levels (MANOVA, P = 0.02) 

Conclusion: These data suggest that neoral-based therapy promotes increased 
interstitial allograft fibroms compared to tacrolimus in renal transplants in 


association with a poorer safety profile and equivalent efficacy 


Transplant 04 


A multicentre analysis of the results of kidney transplantation from non- 
heart-beating domors In the UK 


JR Waller,’ A.C. Richardson, MS Metcalfe,' Sudbindran,? M A Gok,” 
R. Chang,’ G. Koffman,* P. Andrews,‘ D. Talbot, C Rudge,” J.A Bradley” 
and ML Nicholson! 

‘Leicester, ‘South Thames, Newcastle and 7Cambnidge Transplant Units, UK 
Transplant Service 

Alms: Winist non-heart-beating donors (NHBD) have been shown to be a useful 
additional source of transplant organs, there contmme to be concerns about the 
effects of prolonged warm ischaemic myury The aim of this multicentre study 
was to determme the outcome of kidney transplantation from NHBD m the UK 
Methods: Prospectively collected data from four centres (Leicester, South 
Thames, Newcastle and Cambridge) performmg NHBD kidney transplants 
donng the period 1991-2001 was collated The following outcome measures 
were assessed incidence of pnmary ponfunction (PNF transplants that never 
worked), delayed graft fancnhon (DGF: requirement for dialysis m the first 
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post-transplant week) and initial graft function rates (IF), acute rejection 
episodes, renal function and actual allograft survival rate. 

Results: A total of 285 NHBD kidney transplants were performed in the 
study period. Fifty-one per cent of donors were controlled and 49 per 
cent uncontrolled. The mean (range) donor age was 44 (6-74) years. The 
transplanted kidneys suffered a mean (range) first warm ischaemic time of 
27 (10-75) min. The rates of PNF, DGF and IF were 15, 68 and 17 per 
cent, respectively. Acute rejection occurred in 4] per cent of patients in 
the first year post-transplant. Allograft function and survival rates are shown 
in the table. 


Time of post-transplant Serum creatinine Allograft survival 


(months) (mmol L~’) Z) 
2 179 (88) 79 

36 177 (73) 75 

60 197 (101) 69 


Conclusions: Renal transplants from NHBD yield acceptable renal function 
and allograft survival rates over a 5-year period. This audit provides further 
evidence to support the more widespread introduction of NHBD kidney trans- 
plantation. 


Transplant 05 
The role of reduced-size liver transplantation in an adult transplant 
programme 


P.M. MeCaig. O.L Garden, J.L.R. Forsythe, M. Akyol, H. Pleass and 
K. Kmadhavan 


Department of Clinical & Surgical Sciences (Surgery), Royal Infirmary of 
Edinbureh, UK 


Aim: To review the practice of reduced-size liver transplantation (RSLT) in an 
adult liver transplant programme. 

Methods: Since 1997, we have performed 17 reduced-size liver transplants, 
resulting in 22 transplants - 17 adults and 5 children. Data were collected 
prospectively on the unit database and outcome of ‘exported’ split livers (x = 5) 
established by contact with recipient units. 

Results: There were 17 adult recipients (3 men and 14 women) and 5 children. 
The mean body weight of adult recipients was 51.6kg and the median waiting 
time for these adult patients on the routine list was 123 days (range 4-432) 
compared to 35 days in the patients on the list who received whole livers during 
this period (1 = 117). Six patients with fulminant hepatic failure (FHF) were 
transplanted with seven RSLs. There were three postoperation deaths (3/ 
17 = 18 per cent), all in fulminant patients. The only patient who had primary 
nonfunction (PNF) was retransplanted with a whole liver and is alive and well 
(Table 1). 


Complication n Te % in FHF 
Bleeding 6 35.3 50 

Bile leak 2 11.8 0 
Hepatic artery thrombosis I 5.8 16 
Primary nonfunction (PNF) 2 fis 14.3 
Sepsis 13 76.5 10 
Hyperacute rejection l 5.8 16 
Mortality 3 18 50 


Conclusions: Twenty-two patients benefited from RSLT in an adult programme. 
Mortality was related to patients’ preoperative diagnosis (fulminant hepatic 
failure). and both mortality and major morbidity in the remaining patients was 
similar to ‘whole organ’ liver transplantation. The technique of RSLT should be 
considered in specific groups of patients who are ai a disadvantage on the National 
Waiting List. If used in FHF, the results are infertor. 


Transplant 06 


Donor safety in adult-to-adult living donor liver transplantation using 
right-lobe grafts with middle hepatic vein 


C.B.O. Súilleabháin, C.-M. Lo, C.-L. Liu, B.H. Yong and S.-T. Fan 


Centre for the Study of Liver Diseases, Departments of Surgery and Radiology, 
University of Hong Kong Medical Centre, Queen Mary Hospital, Hong Keng, 
China 


Aim: To review donor safety in a consecutive series of living donor liver 
transplants (LDLT) using right-lobe grafts, with middle hepatic vein. 
Methods: A retrospective review of all LDLT was undertaken from a pro- 
spectively compiled database. Right-lobe grafts were retrieved without the 
application of a Pringle maneuver. Computer tomographic volumetry was used 
to calculate left- and right-fobe volumes. 

Results: Ninety-one living donors (55 female) with a median age of 37 years 
(18-57 years) donated a right-lobe graft between May 1996 and February 2002. 
In 90 patients, the graft included the middle hepatic vein. Donor liver median 
volume was 703.5 mL (450-1160 mL) and weight was 595 g (390-1140 g), The 
left lobe—total liver volume ratio was 0.339 (0.236--0.452). Total operative time 
was 524 min (378—932 min). The median blood loss was 466 mL (42—1600 mL). 
One donor, who was anaemic preoperatively, received a blood transfusion (one 
unit), Median postoperative hospital stay was 10 days {5-38 days). There was 
no donor mortality. Overall morbidity was 25 per cent. There were no biliary 
leaks, although two patients developed bile duct strictures. One required a 
segment IH bypass, the other was managed successfully by endoscopic dilata- 
tion. Four patients developed postoperative cholestasis. Two had mild (5 per 
cent) and two had moderate steatosis (15-20 per cent). All had normal liver 
function at 6 months. 

Conclusion: Live donation of right-lobe grafts with middle hepatic vein for 
adult-to-adult liver transplantation is safe, provided that the residual liver 
volume exceeds 30 per cent of the total liver volume and the liver is only 
mildly steatotic. 
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Six of the Best, Breast 07 


Surgery does not alter the Incidence of circulating tumour ceils in the bone 
marrow of patients with breast carcinoma 


NJ. Abeme, KC Redmond, J.H. Wang, ET Condon, J Kelly, 
D. Richardson and H P Redmond 


Department of Academic Surgery, Cork Univernty Hospital and 
“South Infirmary Victona Hospital, Cork, Ireland 


Alms: It has been advocated that surgery may cause shedding of neoplastic 
cells into the circulation of pahents undergoing oncological surgery, thereby 
facihtating haematogencus spread Our aim was to mvestignie if surgery 
increased the amount of viable tumour cells shed mto the circulation by 
assessing the peripheral blood and the bone marrow of patients using flow 
cytometry and ummunomagnetic separation (IMS) 

Methods: Using the technique described above, we analysed the preoperative 
pempheral blood and bone marrow aspirate, the intraoperative axillary vein 
blood, and the postoperative bone marrow of 20 patents with breast carci- 
noma Using IMS, samples were ennched by coupling FITC-conjugated 
MNF116 (a pencytokeratin epitope) positrve cells to ant-FITC microbeads. 
They were then subjected to fow cytometry In all, 124 samples were analysed 
in this manner. 

Results: Of the 20 patients assessed, 17 (85 per cent) had at least one pomtrve 
sample The incidence of cytokeratin-pomitive cells in preoperative samples was 
42 per cent (25/59) and ın postoperative samples was 46 per cent (24/52) There 
was a significant correlation between pro- and postoperative samplmg (Pearson 
correlation P <0 001) 

Conclusion: Surgery does not alter the incidence of cytokeratin-posttrve 


epithelial cells in the peripheral blood or bone marrow of patients undergoing 
resection of pmmary breast tumours. 


Six of the Best, Breast O8 


Preoperative factors do not predict which patients require reoperation for 
ductal carcinoma fn afta (DCIS) 


GP Boland, I Brown, R Prasad, W.F Knox,’ M. Wilson? and 
N J. Bundred 


Departments of Surgery, ‘Pathology and *Radiology, University Hospital 
of South Manchester 


Alms: Over 80 per cent of women have a preoperatrve diagnosis of DCIS made 
by core biopsy, but a cohort of patients require reoperation to complete surgical 
treatment Preoperative factors which identify these women would reduce the 
reoperation nate. Our arm wes to determine factors predictive for reoperation 
folowing breast conserving surgery for core biopsy diagnosed, screen-detected 
DCIS. 

Methods: Consecutive women diagnosed with pure DCIS (n= 160) after 
stereotactic core biopsy were included A primary therapeutic local excision 
was attempted in all petrents, with completeness of excision asseseed by 
intraoperative specimen X-ray Rusk factors for reoperation were assessed by 
univariate binary logisic regression 

Results: Occult invasrve cancer was found at operation m 64 patients (40 per 
cent), with 57 women requiring reoperation for either close (<1 mm) or 
mvolved excision margins (raxillary staging, 86 per cent) or for axillary 
staging alone (16 per cent). Pathological and radiological estimates of DCIS 
size were simular {r= 0 49, P< 0.001) 
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Reoperanon (unrvariate) 


Factor Odds ratio 95% CI P-value 
Grade of surgeon 1 94 0 68-5.60 0 22 
Mammographic size 101 0 97-1 04 0 60 
Core DCIS pathology type 0.84 0 63-1] 12 0.23 
Core DCIS grade 1.20 0 65-2.24 0.56 
Specimen X-ray clear 122 0.89—4 76 075 
Specimen weight 0.99 0 93-1 00 0.70 
Operative pathology 0.85 0 59-1.22 0.37 
Pathology size 1 04 1 O1-1 08 0.01 
Excision margin width 0 03 00-0 18 <0.001 


Condustons: Preoperative factors and intraoperative assessment of complete- 
ness of excision did pot predict for reoperation. Despite an mereased pre- 
operative core biopsy diagnosis, re-excision after pamary “therapeutic” DCIS 
operations will remain necessary in 40 per cent of patients 
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Assessment and validation of Van Nuys prognostic index in a series of 
patients with ductal carcinoma in situ (DCIS) of the breast 

J Jenlons, CR Wilson, E.A Mallon, W.D. George and J.C. Doughty 
Department of Surgery, University of Glasgow 

Alms: The Van Nuys prognostic mdex (VNPI) is a numencal algonthm based 
on tumour features and recurrence date from a large series of DCIS patents. It 
attempts to quantify easly measured prognostic factors in a reproducible 
fasinon seperating DCIS patients mto three groups The value of the VNPI 
will be determined by its reproducibility m other mstrtutions 

Methods: A total of 700 DCIS patents were identified from a prospective 
audit Clmical and pathological data were assessed and a VNPI score was 
assigned to each woman retrospectively Patients with a high score (8 or 9) 
usually had undergone mastectomy and were not considered in this analysis 
Results: Median follow up was 5 8 years A total of 423 petients underwent 
BCT One hundred and seventy-nine women (42.4 per cent) recerved DXT. In 
the BCT group, 80 patents had a score of 3 or 4 with 8 LR (10 per cent) In the 
BCT/DXT group, 42 patients had a score of 3 or 4 with 1 LR G percent) When 
a score of 4 was considered alone recurrences were 14 per cent (BCT alone) and 
3 per cent (BCT/DXT) In the group with scores of 5, 6 or 7, 115 patients 
underwent BCT alone with 49 (42 per cent) recurrences Seventy-six patients 
underwent BCT/DXT with nine (9 per cent) recurrences 

Conduston: In this study, the VNPI remains useful m predicting recurrence 
and guiding therapies An intermediate score in the BCT alone group in tins 
analysis had a high chance of local recurrence, Adjuvant DXT reduced the 
recurrence rate. In contrast to other studies, BCT alone patents with a low VNPI 
(3 or 4) appeared to benefit from adjnvant DXT. 


Six of the Best, Breast 10 
Impact of preoperative core blopsy om reoperation rates for 
screen—detected ductal carcinoma in sito (DCIS) 

G.P Boland, I Brown, R Prasad, WF. Knox,! M Wilson? and NJ Bundred 
Departments of Surgery, ' Pathology and 7Radtology, University Hospital 

of South Manchester 


Alms: Stereotactic core biopsy bas resulted m an increased preoperative 
diagnosis of DCIS and has replaced wire-localized open biopsy for 
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screen-detected microcalcification, potentially reducing the need for reopera- 
tion to obtain clear excision margins. Our aim was to assess the impact of the 
introduction of stereotactic core biopsy on the reoperation rate for screen- 
detected impalpable DCIS. 

Methods: A retrospective analysis was performed on a cohort of 221 women 
with screen-detected pure DCIS with (after 1997, n = 74) and without (before 


men X-ray was performed to assess the adequacy of excision. The two groups of 
patients were matched for age and DCIS nuclear grade. 

Results: Pathological and mammographic DCIS tumour sizes were similar 
(r=0.71, P< 0.001). 
et a a a ea 


Diagnosis 


Variable Core biopsy P-value” 
First procedure (wire localized; Therapeutic Diagnostic N/A 

ia = 74) in= 1473 
Patents necding second operation AS% 415% 0.73 
Total number of operations (mean) 1.45 1.50 0,75 
Clear margins {>} mm) after first operation 6545p IOS: 0.43 
Median weight of operation specimen 34 g (9-380) 2g (4-222) <0] 


I8 mm (4-75) 13 mm (2-40) 0,001 
a a AANE E E 
“Mann-Whitney U-test. 


Median pathological tumour size 


Conclusion: Changes from diagnostic to therapeutic primary operative exci- 
sion for screen-detected DCIS have not resulted in a reduction in the total 
number of operations required to complete treatment, because mammography 
underestimates DCIS tumour size in 30 per cent of patients. 


Six of the Best, Breast I 


Dynamic contrast-enhanced magnetic resonance imaging significantly 
improves the surgical management of invasive lobular breast cancer 


PJ. Kneeshaw, L.W. Turnbull, T. Mahapatra, J.N. Fox and 
PJ. Drew 


Academic Surgical Unit, Castle Hill Hospital, Hull, UK, and The Centre 
for MR Investigations, Hull Royal Infirmary, UK 


Aims: infiltrating lobular carcinoma (ILC) accounts for 5-10 per cent of all 
breast cancers and is frequently multifocal and traditional diagnostic methods 
are unable to reliably detect this preoperatively. The aim of the study was to 
evaluate the efficacy of current imaging modalities compared with dynamic 
contrast enhanced magnetic resonance imaging (DCE-MRI) in the evaluation of 
ILC in the breast. 

Methods: Data from women with ILC treated between 1996 and 2000 who 
had undergone preoperative triple assessment and DCE-MRI were analysed. 
The diagnostic accuracy and the detection of multifocal disease for each 
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modality was assessed and any changes in clinical management following 
DCE-MRI were recorded. 

Results: Twenty-one women (mean age 57, range 43-72 years) were recruited. 
Histological diagnosis (n = 21) revealed: pure ILC (n = 5), ILC + DCIS (n = 4), 
and ILC + LCIS (n = 12). The sensitivity of X-ray mammography, ultrasound, 
clinical assessment and DCE-MRI was 90.5, 87.5, 76.2 and 95.2 per cent, 
respectively. DCE-MRI identified all the patients with subsequently histolo- 
gically proven multifocal disease (n = 11) with PPV and NPV of 100 and 95.2 
per cent, respectively. X-ray mammography and ultrasound combined identified 
only 27 per cent (3/11) with PPV and NPV of 100 and 55.6 per cent, respectively. 
Management was changed in 24 per cent (5/21) of the cases following DCE- 
MRI. 

Conclusions: DCE-MRI has a higher sensitivity than other imaging modalities 
and is able to accurately delineate multifocal disease not evident on conven- 
tional imaging. DCE-MRI should therefore be used for accurate staging prior to 
surgery for invasive lobular breast cancer. 
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Do patients with delay in diagnosis of breast cancer have a poor 
outcome? A case-control study 


P. Sinha, S. Bendall and T, Bates 
Breast Unit, William Harvey Hospital, Ashford. Kent TN24 OLZ, UK 


Aims: The literature on the effect of delay in diagnosis of breast cancer is 
contradictory which may be explained by the earlier presentation of more 
aggressive tumours. The aim of this study was to compare prognostic factors 
and outcome in patients with and without a delay in diagnosis. 

Methods: Patients presenting with an in-hospital delay in diagnosis of breast 
carcinoma of more than 3 months between August 1971 and October 2000 were 
matched for age and tumour type with one or two control patients without a 
delay. The grade of tumour and lymph node status were compared between the 
two groups and overall survival was compared by Kaplan-Meier life table 
analysis, 

Results: There were 90 patients with a delay in diagnosis (range: 3—66 months). 
These were matched with 165 patients as controls. The mean age of cases was 
51 years versus 52 years in controls and the mean follow up was 91 months versus 
92 months. The control patients with no delay in diagnosis had more severe 
disease, with more grade 3 tumours (28 per cent versus 8 per cent, P == 0.01) anda 
nonsignificant trend to a higher positive node status (30 per cent versus 17 percent, 
P = 0,098 and worse survival (P = 0.17, log-rank test). A delay of more versus 
less than 6 months showed no effect on life table analysis. 

Conclusion: This case-control study supports the hypothesis that previous 
paradoxical reports of an improved prognosis in patients with a delay in 
diagnosis of breast cancer is due to the earlier presentation of patients with 
more severe disease. 
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The outcome of loop fleostomy closure: a prospective study 
L Balfour, S Stojkovic, K. Boyle, P. Finan, D Burke and P. Sagar 


Department of Colorectal Surgery, Leeds General Infirmary 


Alms: The use of a loop Jeostomy 18 an effective method to protect pelvic 
anastomoses. Its use has increased recently, although there 1s some debate as to 
the routine use of a stoma. A second operation 1s required to close the stoma, 
with potential complications. The aim of this study was to assess prospectively 
the morbidity of closure of loop Ueostomy 

Methods: All patients scheduled for loop ileostomy closure over a 12-month 
period were included The operative technique, complications and length of stay 
were recorded 

Results: A total of 50 consecutive patients (28 male, 22 female) with a median 
age (interquartile range, IQR) of 56 years (42-73) underwent ileostomy closure, 
at a median time (QR) of 28 weeks (18-48) after formation Twenty-four (48 
per cent) were formed after low anterior resection for carcmoma, 20 (40 per 
cent) after ileal pouch anal anastomosis for ulceratrve cohtis and 6 (12 per cent) 
after other procedures Thirty-caght (76 per cent) had a stapled closure and 12 
(24 per cent) sutured Twelve patients (24 per cent) developed complications, 6 
(12 per cent) had {ntestma] obstruction of which one required a Japarotomy, 4 (8 
per cent) had wound mfections of which one required re-operation, | (2 per 
cent) hed an Heal anastomouc leak and subsequently died and | (2 per cent) died 
from a myocardial infarcuon. The median length (IQR) of hospital stay was 
8 days (7-10). 

Condusions: We bave demonstrated that a quarter of patients develop 
complications after loop ileostomy closure The majority of these are minor 
Methods to reduce the number of complicahons, such as optimum time to 
closure and distal lumb irrigation techniques, need to be studied 
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Topical perloperative application of 0.2 per cent GTN paste protects 
the anal sphincters from colorectal stapled anastomotic related 


injury 


J Wheeler and R Farouk 

Royal Berkshire Hospital, Reading 

Alm: Transanal stapled colorectal anastomosis 1s associated with internal 
anal sphincter (LAS) injury and postoperative meontinence A randomuzed 
trial was conducted to investigate whether perioperative perineal application 
of 02 per cent GTN paste, which causes [AS relaxation, could prevent such 
injury 

Methods: Fifty patients undergoing cancer resection were randomized 
between January 1999 and October 2000 to receive perioperative perianal 
02 per cent GIN paste (23 patents) or placebo gel (27 patients) 20 mn 
poor to their transanal stapled anastomosis Pre- and postoperative 
(12 months) continence scores, pre- and postoperative transanal ultrasound, 
ease of insertion of the stapler and perioperative patent blood pressure were 
recorded. 

Results: All patents were contnent without ultrasound evidence of anal 
splincter defects preoperatively The median height of the anastomosis from 
the anal verge was 10cm (range, 7-11) There were no adverse episodes of 
intraoperative hypotension Six patients in the placebo group had evidence of 
TAS injury It was more difficult to insert the stapler ın the placebo group 
(difficult: PLACEBO 8 GTN 1; some reaistance’' PLACEBO 16, GIN 8; no 
resistance’ PLACEBO 3, GTN 14) Postoperative continence scores were better 
in the GTN group (PLACEBO 51+11, GTN 33407, P=0.01, Fishers 
Exact Test). 

Condusion: Penoperative perineal 0.2 per cent GIN paste application 
protects anal sphincter integrity and postoperatrve function 
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The resting pressure pracient (RPG) is an early indicator of faecal 
incontinence 


K Boyle, S. Stojkovic, L. Balfour, P Finan, D Burke and P. Sagar 


Department of Colorectal Surgery, The General Infirmary at Leeds 

Alms: Incontinence scores are used to quantify faecal incontinence and allow 
comparison between patients Anorectal manometry 1s routmely used for the 
assessment of incontinence Patents with muld incontinence often have normal 
results We have reported the measurement of RPG in the assesxment of 
incontinence, This study examuned the role of this technique in pahents with 
varying degrees of incontinence 

Methods: Patients referred for anorectal investigations were recruited 
Patients completed a Wexner inconunence score (WIS) Patients were grouped 
by incontinence score connnent (WIS 0, n = 37), mildly mcontinent (WIS 1-7, 
n == 29), moderately incontinent (WIS 8-13, n = 34) and severely incontment 
(WIS 14-20, n=16) Patents underwent standard anorectal manometry The 
following manometnc measurements were recorded maximum mean resting 
pressure (MMRP), maximum mean squeeze pressure (MMSP), vector volume 
(VV) and resting pressure gradient (RPG) The Mann-Whitney U-test was used 
to analyse results. 

Results: A total of 116 patients were recruited into the study [92 females, 24 
maks: medan age 51 (interquartile range 37-67) years] Each measurement 
was compared between the continent group and. (a) all incontinent patients (b) 
moderately and severely mecontinent patents and (c) mildly incontinent 
patients 


RPG MMRP MMSP VV 
Continent ys group (a) 0 005" 0.001" 0021” 0 004" 
Continent vs group (b) 0.008" <0.001* 0001" <0 001" 
Continent vs group (c) 0.029" 0217 0 877 0.356 


Values are P-values “indicates significance 


Discussion: This study shows that RPG ıs an early indicator of faecal 
Incontinence Standard measurements of MMRP, VV and MMSP are often 
normal in patents with mild mcontinence and only become significantly lower 
ın patients with at least moderate symptoms We recommend the routne use of 
RPG in the manometric assessment of faecal incontinence 
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The role of transanal endoscopic microsurgery in the management of 
malignant rectal tumours 


P. Zaprin, R. Bethune, S. Benoist, PF Ridgway, S Gould and A W Darzi 


Department of Surgical Oncology and Technology, Imperial College, 

St Mary's Hospital, London, UK 

Alms: The role of local resection for benign rectal disease is well established, 
however, controversy still exists regarding its use in the treatment of malignant 
tumours The aim of this study 1s to evaluate the role of Transanal Endoscopic 
Microsurgery (TEM) in the management of rectal tumours, in particular 
cancers 

Methods: A total of 56 successive patients, mean age of 68 (range 37-91) 
years, underwent TEM by a single surgeon for rectal tumours over a 5-year 
period. Data were collected prospectively and reviewed with regards to 
diagnosis, TNM stage, length of operation and hospital stay, resection margins 
and recurrence rates 

Results: Mean follow up was 21 months (range 3-60) 37 patients had benign 
rectal tumours and 19 had cancers of which 7 were T1, 9 T2, and 3 were T3 
Mean length of surgery was 83 min (range 43~—180) and mean hospital stay was 


lI 
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3.6 days (range 1-10). Margins were clear in 54 patients (96 per cent). Involved 
margins were observed in one patient with benign disease and one patient with 
rectal carcinoma, who had a palliative resection and died of metastatic disease. 
Hospital mortality was zero and only minor morbidity was observed in 23 per 
cent, which included bleeding, transient faecal incontinence and urinary 
retention. Recurrence rates for Ti and T2 tumours were 0 and 43 per cent, 
respectively, 

Conclusions: TEM for both benign and malignant disease is safe with zero 
mortality and low morbidity. However, its use in the surgical management 
of rectal cancer should be limited to those with early disease (T1) or for 


palliation. 


Colorectal 1] 
Magnetic resonance imaging remains an imprecise tool for staging 
rectal cancer 


A.A. Pitathankal. M.G. Tytherleigh and R. Farouk 
Royal Berkshire Hospital, Reading 


Aim: Long and short course preoperative radiotherapy are increasingly 
employed for the treatment of patients with rectal cancer and magnetic 
resonance imaging (MRD has been advocated as the gold standard for staging 
these patients as part of their treatment planning process. We have prospectively 
evaluated the value of MRI in staging rectal cancer patients. 

Methods: A total of 45 consecutive patients undergoing surgery for rectal 
cancer were assessed. Each underwent preoperative spiral CT of their lungs, 
liver and pelvis combined with pelvic MRI (1.0T Whole Body Siemens 
Harmony System with a phased array coil). Tumours were staged 
preoperatively by MRUCT using the Dukes’ and TNM systems and these 
results were compared with formal histopathology. Circumferential resection 
margins were additionally predicted radiologically and compared with actual 
histology. 

Results: Histopathology assessment revealed there to be 10 patients with a 
Dukes” A tumour, 19 Dukes’ B and 16 with stage Dukes’ C. MRI understaged 
four patients, overstaged 14 and correctly staged 27 (sensitivity 60 per cent). 
Radiological assessment of circumferential resection margins was hampered 
for patients with anterior tumours and lateral tumours with an anterior compo- 
nent because of blurring of the mesorectal margin. 

Conclusions: MRI remains an as yet insensitive method of staging rectal 
cancer, The images obtained in many patients prevents useful analysis of 
predicting circumferential resection margins. 
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Prognostic significance of elevated plasma big endothelin-1 levels in 
patients with colorectal cancer 


C. Arun, M. Elahi, N.J.M. London and D.M. Hemingway 


University Department of Surgery and Department of General and 


Gastrointestinal Surgery, Leicester Royal Infirmary, Leicester LE2 7LX 


Aims: Clinical, laboratory and pathological variables in patients with colorectal 
cancer may idenufy high-risk groups to whom beneficial adjuvant therapy could 
be given. This prospective study was performed to determine whether pre- 
operative plasma big ET-! levels might be a useful as a prognostic indicator in 
patients with colorectal carcinoma. 

Methods: Sixty-five consecutive patients with colorectal cancer confirmed by 
biopsy were entered prospectively into this study over a |2-month period. 
Plasma samples from a peripheral vein were obtained prior to surgery and were 
analysed by using a single step sandwich enzyme immunoassay (Biomedica, 
Austria), Univariate analysis of survival using age (< or >70 years), sex, 
Dukes’ stage (A & B versus C), tumour size (< or >50 mm), vascular invasion 
and plasma big ET-1 levels were performed and significant factors were then 
analysed in a multivariate Cox regression model. 

Results: Three vanables, age. Dukes’ tumour stage and plasma big ET-1 levels 
were found to have a prognostic significance (P < 0.05). Factors associated with 
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a poorer prognosis were age more than 70 years (P = 0.02), Dukes* C tumours 
(P = 0.04) and plasma big ET-1 levels more than 4.2 pg/mL (P = 0.02), The Cox 
regression model identified the same three variables as having independent 
prognostic value for survival. 

Conclusion: Preoperative plasma big ET-1 levels may be useful in predicting 
overall survival in patients with colorectal cancer. In particular, plasma big ET-| 
levels may be useful in the selection of high-risk lymph node negative patients 
with colorectal cancer for adjuvant therapy. 
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The impact of colorectal subspecialization on outcomes for rectal cancer: a 
5-year review 


J. Wheeler and R. Farouk 
Royal Berkshire Hospital, Reading 


Aim: Subspecialization is intended to improve surgical and oncology related 
outcomes in cancer patients. This study analysed the impact of colorectal 
subspecialization on rectal cancer outcomes in a unit with four existing 
experienced general surgeoas. 

Methods: A S-year review of surgical and oncological outcomes in 
207 consecutive patients was conducted. The results were reviewed 
externally, 

Results: A total of 127 procedures were performed by two colorectal surgeons 
(CRS) and 80 by four general surgeons (GS). Permanent stoma rates (CRS 21 


and 30 day mortality (CRS 5 per cent, GS 6 per cent; P = 0.75, 95 per cent Cl 
0.22-2.5) were comparable setween CRS and GS. Local recurrence rates (CRS 
[3 per cent, GS 15 per cent: P = 0.68, 95 per cent CI 0.37-1.68) and the risk of 
developing disseminated disease (Odds Ratio 0.72; P = 0.38, CI 0.37-1.22) 
were also similar between the two surgeon groups. 

Conclusions: Colorectal subspecialization has not resulted in improved crude 
measures of surgical and oncological outcomes for patients with rectal cancer. 
The decision of individual units to subspecialize should consider local results 
through careful audit in relation to national guidelines. 
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Resection or radiofrequency ablation for solitary colorectal liver 
metastases? 


A. Oshowo, A. Gillams, E. Harrison, W.R. Lees and 1. Taylor 


Departments of Surgery and Radiology, Royal Free and University College 
Medical School, University College London, UK 


Aim: Liver resection is the accepted treatment of choice for patients with 
solitary colorectal liver metastases. In recent years, however, the role of 
radiofrequency ablation has occupied an increasingly prevalent role. In the | 
absence of randomized controled trials this study aims to compare outcome in 
patients with solitary colorectal liver metastases treated by surgery and radio- 
frequency ablation. 

Methods: Twenty-five patients with solitary colorectal liver metastases were 
treated by radiofrequency destruction (mean age 57, 34~80). The indications 
were extrahepatic disease im 7, vessel contiguity in 9 and comorbidity in 9. 
Qutcome measures were compared with 20 patients treated by appropriate liver 
resection for solitary metastases. Most patients in both groups received systemic 
chemotherapy in addition, 

Results: The median survival following liver resection was 40.6 months i range 
0-97 months) with a 3-year survival of 55 per cent. There was one postoperative 
death and morbidity was minimal. Median survival following radiofrequency 
was 37 months (range 9-67 months) and 3-year survival of 52 per cent. 
Conclusions: Resection and radiofrequency ablation of solitary metastases 
result in apparently comparable survival. The latter is less invasive and requires 
either an overnight stay or day case facilities only. A prospective randomized 
controlled trial comparing these two modalities is indicated. 
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One hundred consecutive cases, predominantly of psendomyxoma 
peritonel, referred to a peritoneal surface malignancy unit: operability and 
early outcomes 

A Parvaz, AL Anm, RD. Howell, R Sexton and B J. Moran 

Colorectal Research Unit, North Hampshire Hospital, Basingstoke, UK 
Alms: Peritoneal malignancy is common and almost inevitably fatal in many 
mtra-ebdominal cancers. A small proportion of patents with peritoneal surface 
disease, particularly with pseudomyxoma peritone: (Incidence one per million 
per year and almost always from an appendix pnmary) may be amenable to 
complete cytoreductive perttonectomy with good palliation, long-term disease 
free survival and possibility of cure. 

Methods: One hundred consecutive referrals (1994-2000) to a pentoneal 
surface malignancy unit were received between January 1994 and August 2001. 
Assessment of sutabilty for complete tumour removal and intrapentoneal 
Chemotherapy was made by CT and clinical examination. Sixty-two of 100 
underwent laparotomy (54 pseudomyxoma pertone:, 4 adenocarcinoma, 
3 mesothelioma and | leiomyoma). 

Results: Complete tumour removal was achieved in 38/54 pecudomyxoma 
pentonei (17 males), 2/3 mesothelioma, 2/4 adenocarcinoma and 1/1 leio- 
myoma Major palhative debulking was achieved in 13 pseudomyxoma and 1 
mesothelioma Thres patients with pseudomyxoma and 2 with adenocarcinoma 
were inoperable. Median operating time for the 43 completed cases was 10.5 
(3-18) hours, with median ITU and hospital stay of 7 and 24 days, respectively 
There were 3/43 (7 per cent) postoperative deaths (2 mult:-organ failure and 1 
pulmonary embolus) 

Condustons: Just over half the patients referred (62 per cent) underwent 
surgery and 69 per cent of these had complete cytoreduction. Surgery 1s radical, 
tme consummg and expensive, and requires careful patent selection to 
optimise outcomes 
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Laparoscopic surgery for recurrent Crohn’s disease 
H. Hasegawa, M Watanabe, H. Baba, M. Kitayma and A Darzi 


Department of Surgery, Keio University School of Medicine, Tokyo, Japan 
and Department of Academic Surgery, Imperial College School of 
Medicine, St Mary’s Hospital, London, UK 

Alms: The role of laparoscopic surgery for Crohn’s disease remains to be 
defined, although increamngly difficult cases are being treated using minimally 
invasive techniques. The aim of this study was to clanfy the feasibility of 
laparoscopic surgery for recurrent Crohn’s disease 

Methods: Between 1994 and 2001, 57 laparoscopic operations were attempted 
m 48 patients (39 males and 9 females; mean age: 30 years) with teal or 
lleocolonic Crohn's disease. Of these, 15 operations were performed due to 
recurrence at the anastomotic site (recurrent group). The remaining 42 opera- 
tions were performed as a pomary case (control group) The median follow-up 
was 45 months (range. 1—87 months) 

Results: The median time to reoperation was 46 months The mcidence of 
patents with enteric fistulas did not differ between the two groups (recurrent 
group G/15, 40 per cent vz control group 23/42, 55 per cent). Conversion to 
open procedure occurred m two attempts m the recurrent group (2/15, 13 per 
cent) and thres m the control group (3/42, 7 per cent) without any significant 
differences Operative blood loss and tume did not differ between the two groups 
(recurrent group: 80 mL and 210 mm, control group 60 mL and 180 mm) There 
were no differences between the two groups m terms of the postoperative 
complications (recurrent group: 3/15, 20 per cent vs control group 6/42, 14 per 
cent) and hospital stay (recurrent group 8 vs. control group: 8 days) There were 
no deaths m esther group. 

Conduslons: Laparoscopic surgery for recurrent Crohn's disease 1s feasible m 
selected patients without mcreasing operative time, conversion rate and post- 
operative complications. 
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Refiux-related oesophageal mucosal injury: relationship to transforming 
growth factor beta (TGF-B) expression 


DJ. Bowrey, GJ. Morris-Suff, R. Kerwat, A. Janezic, W.A. Jurewicz and 
R.H. Hardwick 

Departments of Surgery and Transplantation, University of Wales College 

of Medicine, Cardiff 

Background: Overexpression of TOF-B has been linked to the occurrence of 
excessive fibrosis in both surgical skin wounds and in renal allografts after 


reflux disease has not been reported. 
Methods: Endoscopic oesophageal biopsies were obtained from contro! 
subjects free of reflux symptoms (7 = 4), patients with reflux symptoms but 


oesophageal strictures (n = 4) and patients with Barrett's oesophagus (n = 4). A 
lightcycler was employed to perform real time quantitative RT-PCR for TGF-B 
on the biopsies. 

Results: The table indicates the level of TGF-B expression according to the 
endoscopic findings. The values indicated are median and range. 


nt 


Grade of 








oesophagitis Control Grade O = Grade 2 Stricture Barrett's 
“TGF-B 9. ID is 4] 1.9 
levels x 10° (11-28) (10-56) (1.5-42) (8-71); (0.93--3.4)7 





“copies/25 ng RT RNA. 


grade 0 (Mann-Whitney U-test). 


There was an increase in the level of TGF-B expression as the severity of 
mucosal injury progressed, so that patients with oesophageal strictures had an 
eight-fold higher level of TGF-B expression than control subjects. Patients with 
Barrett's oesophagus had the lowest levels of TGF-f expression of all patient 
groups. 

Conclusions: These findings indicate that excess TGF-B expression is related 
to the genesis of fibrosis in the oesophagus as a consequence of gastro- 


oesophageal reflux, 


Patey Prize 02 


Sacral nerve neuromodulation fer the treatment of resistant faecal 
incontinence 


NJ. Kenefick, C. Vaizey, A. Malouf, R. Cohen, AR. Nicholls and 
MLA. Kamm 


St. Mark's Hospital, London, England 


Background: Faecal incontinence is common and associated with a high level 
of physical and social disability. Hf conventional treatment fails the remaining 
options are limited. Sacral nerve stimulation, involving chronic neuromodula- 
tion of the sacral nerves, is a novel treatment for this condition. We report our 
5-year experience. 

Methods: Seventeen patients (16 women, median age 59 [37-71]) were 
implanted with initial temporary, and then permanent stimulators. All had 
severe incontinence, resistant to maximal conventional treatment, including 
behavioural therapy. The median preoperative duration of symptoms was 


idiopathic (3), repaired rectal prolapse (2) and fistula surgery (1). Clinical 
evaluation, endoanal ultrasound, bowel diary, quality of life (SF36) and 
anorectal physiology were completed before and after treatment. 

Results: At median follow-up of 26 months (3-62) continence improved 


significantly in all patients. The median weekly incontinent episodes decreased 
14 


from 12 (2-30) to 0 (0-73, P < 0.001. Twelve of 17 were fully continent. 
Urgency improved in all; (mean [standard deviation] ability to defer <{ min 
([O.5} versus 8 [5], P < 0.01). Maximal anal resting pressure increased during 
temporary stimulation (35 em H-0 [17] versus 49 [21], P < 0.05) and maximal 
squeeze pressure with permanent stimulation (44 [40] versus 69 [49], P< 0.01). 
Rectal threshold sensation to distension improved (47 mL air [19] versas 35 
[15], P< 0.05). Other physiological variables did not change significantly. 
Quality of fife improved in all, P < 0.05. There were no major complications. 
Conclusions: Sacral nerve stimulation is a safe and effective treatment for 
faecal incontinence when other treatments have failed. 


Patey Prize 03 
MMP-8: A novel collagenolytic pathway in acute plaque disruption 


LM. Loftus, K.J. Molloy, J. Evans, P.R.F. Bell, A.R. Naylor and 
M.M. Thompson 


Department of Surgery, Leicester University, UK 


Background: Loss of interstitial collagen, especially type I collagen. renders 
atherosclerotic plaques prone to rupture. Subsequent thrombosis and embolism 
may cause stroke and myocardial infarction. Initiation of collagen breakdown 
requires interstitial collagenases, a matrix metalloproteinase (MMP) subfamily 
including MMP-8. The aim of this study was to quantify the level of MMP-8, 
the enzyme that preferentially degrades type I collagen, in carotid plaques, and 
to correlate this with features of plaque instability. 

Methods: Plaques were retrieved from 75 consecutive patients undergoing 
carotid endarterectomy. MMP-S levels were quantified using ELISA, Histolo- 
gical plaque sections were assessed blindly for the presence of plaque rupture 
and immunostaining was performed for MMP-8. All patients underwent 
preoperative transcranial Doppler monitoring to detect spontaneous emboliza- 
tion. Results expressed as median MMP-8 concentration ng mL”! (IQR). 
Results: The plaque level of MMP-8 was significantly higher in patients with 
recent symptoms (symptoms <4 weeks). histological plaque rupture and spon- 
taneous embolization (see Table). There was a significant correlation between 
MMP-8 and MMP-9 levels, a gelatinase known to be associated with plaque 
instability. Immunohistochemistry revealed staining for MMP-8 in areas of 
intense inflammatory infiltration. 





Positive Negative P-value 
Recent symptoms 0.54 #0), 151.59) 0.10 (0-0.49) 0.03 
Plague rupture 1.25 0.19-3.05) 0.08 (0-0.41) 0.009 
Embolization 0.44 (0.15-1.33) 0.07 (0-00.41) 0.004 





Discussion: The MMP-8 level is significantly higher in unstable plaques based 
on symptoms, histology and spontaneous embolization. Together with MMP-9, 
these enzymes have the potential to degrade all components of the extracellular 
matrix upon which plaque integrity depends, and represent a target for 
pharmacotherapy to prevent stroke. 


Patey Prize 04 


Pirfenidone, a novel antifibrotic agent, attenuates intimal hyperplasia via 
its potent antiproliferative effect on vascular smooth muscle cells 


J.R. Waller, G.J. Murphy, G.R. Bicknell, D. Toomey,’ S.B. Margolin and 
M.L. Nicholson 


Division of Transplant Surgery, University of Leicester., 
‘Beaumont Hospital, Dublin, Ireland 


Aims: Intimal hyperplasia is characterized by vascular smooth muscle cell 
proliferation, migration and deposition of extracellular matrix. Pro-fibrotic 
cytokines, matrix metallopreteinases (MMPs) and their inhibitors (TIMPs) 
are pivotal mediators in this process. Secretion of metalloproteinases (MMPs) 
degrade ECM and facilitate migration, whilst tissue inhibitors of metallopro- 
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teinases (TIMPs) favour accumulation of ECM The antfibrotc agent pufe- 
mdone mhibits transforming growth factor-B and MMP synthesis m nonvas- 
cular inflammatory models: its effect on injured vascular cells has not been 
previously reported. 

Methods: Sprague-Dawley rats recerved standard diet or diet supplemented 
with pirfenidons powder (250, 500, 1000 mg kg~' per day) Animals underwent 
left common carotid artery balloon angioplasty and were explanted at 14 days 
Morphometnc analysis was performed on transverse sections and mima media 
ratios calculated Extracellular mairix accumulation was quantified using picro- 
sinus red staming. Pro-fibrotic gene expression was measured with RT-PCR 
Results: Neonomal thickness was significantly reduced in a dose-dependent 
manner, Control, median values 1.63 (range 1.44-1.99}, Pirfenidone 
250mg kg™' 073 (065-126; P<0005), Pirfemdone SO0mgkg ' 0.48 
(0.12-085, P<0001), Pirfenidone I gkg™' 0.009 (0-0.28; P<0001) 
Expression of MMP-2, MMP-9, TIMP-1, collagen HI and TGF-B were all 
ngnificantly mhibited at 14days. Collagen MI expression was significantly 
reduced at 14 days (P < 0.001) and was consistent with a reducton in innmal 
extracellular matnx deposition at 14 days (P < 0 002). 

Condusions: Pirfensdone attenuates intmal hyperplama and sgnificantly 
inhibits expression of metalloprotemases governing smooth muscle cell pro- 
liferation and migration (MMP-2 and 9), and genes favourmg ECM accumula- 
ton (TIMP-! and collagen II) Pirfen:done may have a role in the prevention of 
intimal hyperplasia and attenuate the development of chronic rejection in solid 


organ allografts 


Patey Prze 05 


Selective estrogen receptor modulators (SERMS) inhibit the effects of 
insolintike growth factors in hyperparathyroidiem (HPT) 
C Wong, T. Lar, CE H. Stewart, JR Farndon and J.M.P Holly 


Level 7, Division of Surgery, Bristol Royal Infirmary, Bristol 


Background: Pnmary HPT predommiately affects females and has a peak 


incidence at the perimenopensal period This has led to speculations that an 
estrogen unbelance may have a role m this conditon We have previously 


demonstrated the importance of the msulin-like growth factor (IGF) wus in 
HPT The SERM, tamoxifen (tam) has been shown to modulate the IGF exis 
We propose to examine the interactions of SERMs and IGF in a primary 
parathyroid cell culture model. 

Methods: Estrogen (E2) receptors were evaluated by Western mmuno-ligand 
bloting. Sixteen parathyroid glands from 14 patents were mcluded Following 
adhesion, the cells were transferred to serum free media and dosed once with 
IGF (1 or II) + estrogen + SERMs (Tam), faslodex (fas, ICI 182780)) for 96 h. 
Proliferation was assessed by measuring tritiated thymidine uncorporation 
Results: Both prmary (1) and secondary (2) HPT express a and B ERs 1HPT 
and 2HPT had comparable responses and were analysed together Compared 
with control (100%), IGFs (I & ID induced a significant increase in DNA 
synthesis E2 at 107° and 107” m (phymological range) inhibited DNA synthesis 
but had no mgnificant effects on IGF (I & ID (P > 005). Tam mhibtted basal 
DNA synthesis (P <0 05) and abolished the effects of both IGF I and I 
(P<005). To clanfy whether these effects can be ascribed to Tam’s ER 
antagonist property, Fas (a pure ER antagonist) was examined. Fas at 
1077 m intnbited both IGF I and Il (P <0 05) 

Condusions: Tam and Fas are capable of reducing basal and IGF stimulated 
DNA synthesis. There are obvious implications for cancer biology as well as 


therapeutic potential for SERMs m HPT 


Patey Prze 06 

Serum matrix metalloproteinases are increased in ruptured aortic 
aneurysms 

M Anderton, S Goodall, Y Papavamilliou, P. Bell and MM Thompson 


Department of Surgery, RKCSB, University of Leicester, LRI, Leicester, 

LE2 7LX, UK 

Background: Rupture of an abdominal sortc aneurysm (AAA) carries 
a mortality rate of up to 90% Matnx motalloprotemnases (MMPs) play a 
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fundamental role m aneurysm formation. Previous studies have suggested a 
systemic Increase in proteolysis in patients with AAAs and MMPs have been 
shown to be elevated m the serum of tbese patients However, no study as yet has 
demonstrated differences in asymptomatic and ruptured aneurysms The aim of 
the study was to determine the MMP profiles of serum from pahents presentmg 
for elective and emergency aneurysm repair. 

Methods: Samples of venous blood were obtained intraoperatively from 61 
patients undergoing elective repair of nonruptured AAA (7# = 50, median age 
71 years), or emergency repair (n = 11, age 72) of ruptured AAA Serum was 
quantified for the concentration of MMPs-1, -2, -3, -9, -13, TIMP-1 and -2 
utilizing ELISA. 

Results: There were no significant differences in MMPs-2,-3,-13 and TIMP 
levels m the serum of patients with nonruptured and ruptured AAA Serum 
MMP-1 levels were significantly increased ın rupture (10.36ngmL~' [IQR 
594-15 94] versus 24 81 ng mL! [18 14-41 39], P<0.0001) MMP-9 levels 
were six tunes higher un serum from ruptured compared with nooruptured AAA 
patients (19 13ngmL7! [9.27~-34 24] versus 1179ngmL~' [30.43-161.8], 
P =0 0015). 

Conclusions: These data demonstrate that the serum MMP profile of patients 
with ruptured aneurysms is significantly different to patients with nonruptured 
AAA Extension of these data may allow prediction of rupture rates from serum 
MMP levels. 


Patey Prize 07 


A novel functional estrogen receptor assay (FERA) 


A. Smgh, M.T. Debella, M Kothan, C. Smith, B. Foxwell, S. Alı and 
RC Coombes 


Department of Cancer Cell Bioigy, Regional Hospital, London, UK 
Background: Expreanon of estrogen receptor (ER) us used to indicats 
response to endocrme therapy. However, assays, eg immunohistochemustry 
(IHC), that meausre ER and ER regulated progesterone receptor (PR), predict 
response in only 40-60% of cases We have developed a functional assay 
(FERA) based on interaction of ER with estrogen response elements (EREs). 
The assay uses adenovirus containing 2 EREs linked to a lac-Z reporter 
(ERE-lacZ) 

Methods: Breast cancer cells were purified from 29 surgical specimens 
obtained from 24 patients. The cells were infected with ERE-lacZ and cultured 
m medum containmg 10 nM estrogen (E2), 100nM tamoxifen (OHT), or 
100nmM ICI 182780 (ICI, a complete ER antagonist). A colorimetric assay 
was used to assess reporter actrvity. The results of FERA were compared with 
IHC. 

Results; Eleven patients were ER+/PR-+, five were ER-HPR- and eight were 
ER-/PR- by IHC Three ER+/PR+ and one ER-/PR— were recurrent cancers 
and all except one patient (ER+/PR+) had recerved OHT previously Using 
FERA, in 12/16 ER+ and 1/8 ER- cancers, E2 induced a 2—-10-fold mcrease in 
reporter activity OHT and ICI were inhibitory ın pnmary cancers. Three 
patients with ER+ cancer showed no ER actrvity Of the recurrences, 2 
ER+ cancer showed agonistic activity with OHT and in one this was greater 
than with E2 ICI remained mhibitory. 

Condusions: ER activity can be reliably assessed using FERA Three ER+ 
patients who may not benefit from OHT and one ER- patent who may benefit 
were identified In addition, resistance to OHT was demonstrated. FERA 
indicates that ICI (as Faslodex) may be beneficial in tbese cases 


Patey Poze 08 

Further evidence for increased {mmunogenticity in colorectal cancers 
expressing microsatellite instability 

SM Ptullipa, R Feakins, N.S Williams, S.A Bustin and S. Dorudi 
Academic Department of Surgery, Royal London Hospital, London, UK 
Background: Microsatellite instability (MSD occurs in 15-20% of colorectal 
cancers and confers a survival advantage independent from tumour stage This 
might reflect an improved immunological response against soch tumours 
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Previously we have used real-time RT-PCR to demonstrate that MSI+ tumours 
show increased expression of activated T-cell markers. By extending this work 
to protein expression we can now gain a clearer understanding of the immune 
environment within these tumours. 

Aims: To test the hypothesis that MSI+ colorectal cancers elicit an increased 
antigen-specific immune response compared with MSI-cancers. 

Methods: We identified 25 MSI+ and 75 MSI- colorectal cancers, matched 
for patient age and tumour location. Immunohistochemistry was performed on 
paraffin embedded sections for T-cell markers, CD3, CD4 and CD8, the specific 
activation marker, CD25 and the effector protease Granzyme B (GZMB). 
Intraepithelial lymphocyte (IEL) counts per unit area were scored by a single 
observer blinded to microsatellite status and independently verified by a 
consultant pathologist. MSI+ and MSI- groups were compared with a non- 
parametric test (Mann-Whitney, two-tailed) and significance taken at the 5% 
level. Results presented as (median, 5th—95th percentiles). 


16 


Results: MSI+ tumours had both higher CD3+ and CD8+ than MSI- 
tumours. Additionally, MSI+ tumours expressed higher CD25-+ IEL’s and 
GZMB levels (see Table). 


MSI+ MSI- 
CD3 14.6 (1.0-58.5) 3.9 (0.1-21.8) P = 0.003 
CD8 18.8 (0.7139) 3.3 (0.6-19.0) P = 0.008 
CD25 1.3 (0.3-9.5) 1.1 (0.1-2.7) P=0.017 
GZMB 23.5 (3.2~-78.0) 6.3 (1.0-24.2) P =0.02 


Sa te St 
Conclusions: These results support the hypothesis that patients with MS1+ 
colorectal cancers exhibit increased antigen-specific immunological activity. 
Clearly, these findings may underscore the improved patient survival in MSI- 
colorectal cancer. 
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Surgical dexterity after a night out on the town 


HM Kocher, R Al-Ghnaniem and A.G Patel 

Department of Swi gery Kmg’s College Hospital, Denmark Hull, London 
Alms: We studied the effect of binge dnnking on surgical dextenty immedi- 
ately after and the morning after alcohol intake 

Methods: Five surgeons (all males, age 31-42 years) were trained on laparo- 
scopic surgical simulator (MIST-VR) to reach a desired standard of perfor- 
mance Three sets of experiments were a control with no alcohol and full night's 
sleep, a sham night out (sleep deprived) without alcohol and a night out with 
alcoho] ad libitum. Parameters recorded were average time taken to perform 
task, error rate, average diathermy time and diathermy (damage) time to main 
object Compensons between baseline readings, those in the middle of night 
and those of following morning were made with Wilcoxon signed ranks test (all 
two tailed, significance at P< 001). 

Results: The candidates consumed on an average 10 33 (range 6-15) units 
of alcoho! and had 0.86 per cent (range 0 71-1.1 per cent) of breath alcohol 
levels and had an average of 3.75 (range 3-5 h) hours of sleep after a typical 
night out. The moming-after breath alcohol levels were 0 per cent. There was 
significant detenoration in the performance indicators m all the parameters 
immediately after alcohol consumption. The tume taken to complete task and 
the tine when the diathermy was used were still significantly worse the morning 
after the typical night out. The sham night out showed detenoration only on 
tme parameters with control night out showed no changes 

Conduslons: A typical night out detenorates performance on a surgical 
simulator, which persists till the following morning as compared to just a 
‘nonalcoholic’ mght out. 


General Papers 08 

Problems in providing an emergency laparoscopic cholecystectomy 
service for acute cholecystitis 

C.V.N. Cheruvu, TD Murray and LA Eyre-Brook 
Department of Surgery, Taunton & Somerset Hospital, Taunton, Somerset 


Aims: The high morbsdity (28 5 per cent readmussono rate) expenenced whilst 
wating for laparoscopic cholecystectomy (LC) after an index sdimasion with acute 
cholecystitis (AC) has been reported. Since this report a provision for emergeacy 
LC service has been made available in the same DGH Thus study performed over a 
12-month penod (October 2000-September 2001) reports the umpact of those 
changes on the management of AC and allows compernsons between these 
results and those achieved in the previous study (the control penod) 

Methods: During the study 146 patients presented as emergency with AC 
Emergency cholecytectomy was performed in 75 and the rest were waitlisted. 
GI surgeons performed 76 per cent of the LC whilst the non-GI surgeons listed 
the majority of their cases for delayed LC Seventy-one per cent of the LC was 
done laparoscopically with an 18 8 per cent conversion rate, 59 per cent (44/75) 
cholecystectomies were performed by trainees under supervision. The number 
of emergency LC, conversion rates, complications, median length of total 
(TLOS) and postop hospital stay (PLOS) were used as end points 

Results: There was a seven-fold (Table) mcrease m the number of cholecys- 
tectorues durmg thear index admission in the study group Mayor complications 
and conversion rates of LC performed in the study pertod (5 3 and 18 per cent) 
were sumilar to those of delayed LC m the control period (6 2 and 12 per cent) 
Although the TLOS was less in the study group compared to the control (table), 
patients with AC still had a median wait of 3 days between their admission and 


their cholecystectomy 


Open Compia TLOB PLOS 
No chale ŁC Corre (map) (eyo gier) 
Emdy-i yr- LC erga 75 7%) 10(184%) 53% | 3 
Coatrol ~-2 pours 14, C1842 3i Gh) ie sya 19 3 
(eleryed onr ganc y) 
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Conduslons: These results document that emergency cholecystectomy ser- 
vice can be provided with minimal complicatons and a shorter hospital stay 
Further improvements to reduce inhospital stay require prompt ultrasound 
examimation and rostering of laparoscopucally competent surgeons. 


General Papers 09 

Laparoscopic appendectomy: a basic surgical trainee procedure? 

K. Maude, JA Catton and MJ McMahon 

Academic Unit of Surgery, The General Infirmary at Leeds 

Alms: Laparoscopic appendicectomy 1s a safe and effective procedure but 
concerns have been raised that the operation has taken appemdicectomy away 
from the basic surgical trainee (BST) and into the hands of more senior surgeons 
(HST) We assessed the umpact of laparoscopic appendicectomy as a trames 
operation 

Methods: This was a prospective audit of 185 consecutive pebents with a 
clinical suspicion of appendicitis who were referred to a mayor teaching hospital 
over a 7-month penod Outcome measures included operative time, conversion 
from laparoscopic to open, complications, and length of stay. 

Results: Of the 120 patients who underwent surgical intervention by tramess, 
sx had forma! laparotomies, 40 patients successfully had a laparoscopic 
appendectomy, nine were converted (18 3 per cent), 24 patients had a diagnostic 
laparoscopy and 41 underwent open appendectomy The performance of BSTs 
and HSTs 1s shown below. 


Operation 
Trainee Diag Lap Lap App Converted Open App 
HST 13 21 7 27 
BST H 19 2 14 


No mgnificant difference was found in operative time for laparoscopic appen- 
dicectomy between trainees (BST median 65 min, HST mechan 60min) The 
duration of laparoscopic appendectomy was significantly longer (median 
60 min versus 40 min for open (P < 0.0001)). Length of stay was ngnificantly 
shorter in the laparoscopic group compared to open (49h versus 72h 
(P<001)). There was no difference between the two groups of trainees. 
The complication rate was lower in the laparoscopic appendectomy group 
Conduslon: In our expenence laparoscopic appendectomy may fulfil a role m 
the training of laparoscopy that open appendectomy has traditionally provided 
for laparotomy 


General Papers 10 

The learning curve of a simulated surgical task using the De Vinci 
telemantipulator system 

JD Hemander, SD Bann, Y. Munz, K. Moorthy, S. Martin, A Dosis, 

F Bello, V Datta, T. Rockall and A-Dern 

Impenal College of Science, Technology and Medicine, St Mary’s 

Hospital, Praed Street, London 

Background: Robotic-enhanced surgery has emerged as a solution to some of 
the drawbecks of traditional minimal access surgery. Master—slave telemant- 
pulator systems have been extenstvely used in surgical interventions, but the 
learning curve in this technology has not been obyectrvely assessed 

Alms: Delineate the learning curve of surgeons for a robotic task m a complex 
bench model Find if there ıs a quantifiable learning process ın a short period of 
exposure to the Da Vinci system. 

Methods: Nine surgeons completed five synthetic small bowel anastomoses 
(Lambs and things, UK) using the Da Vinci robotic system (Intuitive Surgical, 
CA) ın standardized conditions All procedures were digitized and quality 
scored independently by three surgeons employmg the objective structured 
assessment of technical skills (OSATS) Wilcoxon signed ranks tests were used 
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to compare the first and last attempts. A P-value <0.05 was considered 
significant. Cronbach’s-alpha was used to measure interrater reliability, 

Results: A learning curve was constructed using time and OSATS score of 
every task. Both variables showed a rapid and progressive learning process. 
Mean times for the first and last attempt were 3507 s and 2287 s (P < 0.008) and 
mean OSATS scores were 17 and 24 (P < 0.012), respectively. A high inter- 


Conclusions: This study clearly showsa si gnificant reduction in the time taken (34 
percent) and improvement in quality (29 percent) between the first and fifth attempt 
in a bench model. Therefore, we conclude that Da Vinci system allows fast 
adaptation and short learning process regardless previous surgical experience. 
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A prospective blind randomized trial comparing collagen mesh with 
polypropylene mesh in primary inguinal hernia repair: an interim report 


C. Macklin, P Moore, L. Poster, J. Peters and K. Dent 


Scunthorpe General Hospital, Commission for Health Improvement, and 
University of Sheffreld, UK 


Aims: Tissue repair of primary inguinal hernia using mesh relies on scar tissue 
bonding the mesh to give a sound repair. Collagen has the theoretical advantage 
of using natural collagen which will be incorporated into the repair and not be a 
permanent foreign body. 

Methods: A total of 140 patients were prospectively randomized to receive 
either polypropylene or collagen mesh. Performance was compared at opera- 
tion, postoperatively, 3 months, 12 months. Patient's perceptions and quality of 
life were measured. Patients and researchers were blinded and analysis was 
undertaken at a separate institution, 

Results: A total of 78 patients received collagen and 62 received polypropylene 
mesh, with no difference in handling, insertion and suturing at operation. 
Postoperatively there was an increase in haematoma in the polypropylene group 
(P = 0.048). Infection and inflammation were similar postoperatively and at 
3 months. There was one recurrent hernia in each group at I year. Activity and 
pain scores postoperatively were similar and were normal by 4 weeks. Quality 


physical function P = 0.016, social function P = 0.003. At 3 months there was 
reduced physical function in the polypropylene group (P = 0.037). 


Conclusions: Initial results showed that collagen mesh is an effective method of 
providing tissue repair in primary inguinal hernia. The collagen mesh produced 
fewer haematomas postoperatively and patients recovered physical activity 
more quickly. Otherwise it produced results comparable to polypropylene 
without the risks of a permanently implanted foreign body. It is proposed to recruit 
200 patients to the study and undertake follow-up for 2 years postoperatively. 
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Current management of localized abdominal sepsis — radiological drainage 
recommended 


T.R.M. Raju, S. Shetty. G. Griffiths, B. Gibson, E. Chiu, C. Evans and B.I. Rees 
Department of Surgery & Radiology, University Hospital of Wales, Cardiff 


Aims: A radical shift in management of abdominal sepsis from surgery to 
radiological drainage occurred in 20 years. This is safe and in majority 
it avoids the need for conventional surgery. When surgery is indicated it 
provides the roadmap by showing the exact nature of the abscess and its contents. 
This is a retrospective study from single centre to look at the outcome of manage- 
ment of localized intra-abdominal sepsis by using radiological guided drainage. 
Methods: All the patients who underwent radiological intervention for 
abdominal sepsis between 1995 and 2001 were included in the study. These 
were scanned and drains were inserted under radiological guidance under local 
anaesthetic. All these patients were followed up with antibiotics and draino- 
grams when appropriate. 

Results: These patients were between ages of 14 and 84 years. A total of 216 
procedures were performed. Twenty-four of them were diagnostic in that the 
patients were subjected to laparotomy or conservative management. A total of 192 
patients had therapeutic aspiration or drainage. One hundred and forty-five patients 
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had catheters inserted for continuous drainage and the rest had therapeutic 
aspiration. These patients included pelvic abscess (15 per cent), perinephric 
collections (12.4 percent), subdiaphragmatic abscess (12 per cent), liver abscesses 
(8 per cent), pseudocysts (7 per cent), pericolic abscess (7.5 per cent), sub-hepatic 
abscess (5 per cent), psoas abscess (3.4 per cent). appendicular abscess (3.4 per 
cent), empyema gall bladder and pancreatic abscesses. Complications were 
minimal including transient sepsis, residual collection, haemorrhage into the 
cavity and persistent sinus. Our results include bacteriological studies of aspirates, 
which will be presented in detail at the time of presentation. 

Conclusion: Percutaneuos guided aspiration and drainage is a safe and 
effective alternative to conventional open surgical drainage. We recommend 
this as the first line of management. 


General Papers 13 
The management of liver trauma in a tertiary referral centre 


P.A. Coughlin, J.P.A. Lodge, S.G. Pollard, K.R. Prasad, M.D. Stringer and 
G.J. Toogood 


Departments of Hepatobiliary Surgery and Paediatric Surgery, St James's 
University Hospital, Leeds, UK 


Aims: Historically, surgical intervention for liver trauma has been the accepted 
method of treatment with an associated high percentage of nontherapeutic 
laparotomies however, conservative management is now advocated in the 
haemodynamically stable patient. We report our experience of the management 
of patients admitted with liver trauma. 

Methods: Retrospective analysis of 75 patients admitted with liver trauma over a 
9-year period (1992-2001). Fifty-eight were men (median age 25 years: range |- 
76 years). Injury severity was determined using the hepatic injury scale 
(HIS). 

Results: Sixty-three patienis were referred from other hospitals. Seventy-two 
patients suffered blunt trauma. Six patients were classified as grade 5 on the 
HIS, 43 as grade 4, 17 as grade 3, 8 as grade 2 and | as grade 1. Fifteen patients 
underwent surgery at the referring hospital, which involved perihepatic packing 
in 80 per cent. Of the 48 patients treated conservatively at the referring hospital, 
43 were successfully treated with further conservative management. In total 23 
patients required laparotomy in our unit, 18 for liver related injuries. Procedures 
included 3 hepatic resections and 13 for hepatorrhaphy. Median blood require- 
ment in our unit was 2 units. Four patients developed definite biliary complica- 
tions treated with endoscopic stenting in three cases and percutaneous drainage 
in one. A further five intra-abdominal collections required percutaneous 
drainage. The mortality rate was 8 per cent. 

Conclusion: The majority of patients with liver trauma can be successfully 
treated with conservative management. In unstable patients initial surgical 
packing and transfer to a specialist unit is recommended. 


General Papers 14 


Efficacy and durability of botulinum toxin for hyperhidrosis evaluated by 
patient initiated re-attendance 


D. Phillips, A. Handa and J. Collin 


Nuffield Department of Surgery, John Radcliffe Hospital, Headington. 
Oxford, UK 

Aims: Hyperhidrosis substantially impairs quality of life. Sympathectomy is 
often ineffective for axillary hyperhidrosis and carries a significant risk of 
compensatory hyperhidrosis. Botulinum toxin injection offers a temporary but 
effective treatment. The aim of this study was to assess the value to patients of 
this treatment as judged by their voluntary, self-initiated re-attendance for 
further treatment. 

Methods: A prospective database of all patients attending for Botulinum toxin 
injections for hyperhidrosis has been kept since October 1997. After treatment 
no rouline review is arranged. Patients who want further injections must self 
refer to the clinic when they think it is necessary. 

Results: From October 1997 to January 2002 60 patients have received 
Botulinum toxin for hyperhidrosis (54 axillary, 6 plantar). 45 received their 
first injections more than 12 months ago and of these 31 (69 per cent) have 
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mitiated re-attendance for further treatment at a median of 10 months (IQR 7- 
13 months) after initial treatment. 

Condustons: Botulinum toxin injection for hyperhidrosis 1s of sufficient value 
to at least 69 per cent of patients that they self-mitiate repeated therapy. The 
median duration of efficacy ıs 10 months. 


General Papers 15 


The surgical risk scale as an improved tool for risk adjusted analysts In 
comparative surgical audit 

R Sutton, S Bann, MJ Brooks, and S. Sarin 

Department of Surgery, Watford General Hospital, Vicarage Road, Watford, UK 
Alms: Comparative surgical audit 1s increasingly important, although franght 
due to the difficulty of risk adjusted analysis The surgical risk score was 
developed to provide surgeon-independent risk-adjusted mortality in general 
surgery using readily available clinical indices (CEPOD grade of operative 
urgency, BUPA grade of operative magnitude and ASA grade of patent 
comorbidities) 

Methods: Prospective data collection from 4308 patients admitted under the 
care of three general surgeons (May 1997—October 1999) created an mitial data 
set of 3144 procedures with 134 deaths Esch procedure was scored by 
summation of linear scales allocated to CEPOD, BUPA and ASA grades to 
devise a surgical nsk scale (SRS) ranging from 3 to 14. Mult-vaniate logistic 
regression analysis involving the three vanables and untvanate analysis of the 
SRS scores were undertaken. Receiver operating characteristic and calibraton 
curves were formulated. This process was validated on another data set (2780 
patients) denved from all admissions to the same surgeons (November 1999- 
December 2000) 

Results: Uni-vanate logistic analysıs of the SRS score revealed it to be 
significantly predictrve of death (B=0 84, P<0.001). The SRS score did 
not over predict mortality for low risk procedures. The areas under the recerver 
operating charactenstic curve was 0.931 for the initial data set and 0 951 for the 
validation set. 

Conclusion: The SRS ıs easy to use, formulate and interpret It has been 
validated as a tool for risk-adjusted comparative audit ın a population of general 


surgical patients. 


General Papers 16 
Stored blood products stimulate cancer growth 
GF Nash, A. Chopada, H. Patel and AK Kakkar 


Department of Surgery, Hammersmith Campus, Impenal College School of 
Medicine, London 

Alms: Blood transfuson has often been shown to reduce cancer survival, 
however, the mechanism of this effect 1s unknown We have measured anti- 
angiogenic agent endostatn, the proangiogenic growth factors, besic fibroblast 
growth factor (bFGF) and vascular endothelial growth factor (WEGF) in various 
blood products and assessed their effect upon tumour and endothelial cell 
growth to attempt to explarm this climcal finding. 

Mathods: Blood products as supplied by the blood bank were maintained at 
4C and every 72h was ceotnifuged at 3000r.pm for 15 min, the supematant 
underwent measurement of endostatin, bFGF and VEGF by ELISAs. A 
standard MTS assay measured human umbilical vein endothelial cells 
(HUVECS) and colorectal cancer cell (Caco-2) proliferation from incubated 
stored blood supernatant compared to contro] and cancer patients plasma. 
Results: Endostatin in packed red blood cells (2100 pg/mL +810) became 
undetectable within one week of storage, dunng which ome platelets increased 
bFGF levels by fourfold (4.4 + 1.9 versus 17.4 + 4.5 pg/mL, P < 0.001). Plasma 
from whole blood contained significantly more VEGF (73 6 pg/mL + 5 0) than 
leucodepleted packed cells (22.6 pg/mL + 1 2, P < 0.01) HUVECS and Caco-2 
cells increased proliferation upon mecubetion with stored blood supernatant 
compared to patient plasma (P<005); an effect inhibited by antu-VEGF 
antibody (P <0 05) 

Condustons: During storage, blood products become proangiogenic stimulat- 
ing both cancer cells and endothelial proliferation m vitro These findings may 


Br J. Surg. Vol. 89, Suppl 1, June 2002 


ASGBI: General 07-18 


have clinical significance in terms of the detnmental effects blood products 
contribute to cancer pabents survival. 


General Papers 17 


Extended thromboprophylaxts in general surgery reduces the risk of 
thromboemboltizm: a meta-analysis 

R Al-Ghnaniem, R. Alikhan, HM Zaw, C. Keers, DJ Cooper,’ A.G Patel 
and A.T Cohen 


Academic Department of Surgery and Computing Services, Guy’s, King’s 
and St Thomas’ School of Medicine and Dentistry, London, UK 


Alms: Major general surgical operations, especially for malignancy, are 
associated with a high risk of venous thrombo-embolic (YTE) complications, 
of which about 40 per cent occur after discharge. In this systematic review we 
examine the value of extended thrombo-prophylaxs 

Methods: Three randomized, controlled tnala, which studied | week versus 
4weeks of thromboprophylaxis (TP) with low molecular weight hepann 
(LMWH), were mcluded in the analysis We used RevMan (Version 41 1, 
Oxford & England 2000) to perform the meta-analysis using fixed odds ratio 
(OR) to compare groups All patients undergoing venography were considered 
and only objectively confirmed VTE events were mcluded im the efficacy 
analysis All patients randomized to prolonged prophylaxis and who received a 
dose of study drug were considered in the safety analysıs 

Results: A total of 683 patents were randomized to recerve LMWH for | week 
(333 patients) or 4 weeks (350 patients). Total VTE events occurred ın 16 (4.8 
per cent) patients in the extended group and 40 (11 4 per cent) in the control 
group (OR = 0.39, 95 per cent CI 0 21—0.71; P =0.002). The rsk of bleeding 
was 35 per cent in both groups (OR 0.99, 95 per cent CI 0 47-2 06; P= 1) 
Conduslons: Extended TP results in sgmificant reduction of the nsk of 
developing VTE in patents undergoing major general surgical operations 
without any increase in the nsk of bleeding. 


General Papers 18 
Surgery and acute normovolaemic haemodilution (ANH) both tmpair 
coagulation 


G Sanders, NJ Mellor, P.N. Robins, A RA. Rushton, L Chnstie, 
G Nason, JA Copplestone and K B. Hosie 


Department of Colorectal Surgery, Anaesthetics and Haematology, 

Dernford Hospital, Plymouth, Department of Statistics, Bristol University 
Alms: To assess the effects of surgery and ANH on coagulation 
Methods: A total of 33 patents randomized to ANH (n= 17¥no ANH 
(a = 16), undergoing mayor gastromtestinal surgery, were prospectively studied 
Coagulahon tests included aPTTR, INR, platelets, fibrinogen and thrombo- 
clastography (TEG) 

Results: There was no significant difference between groups at entry In ‘no ANH’, 
as operation progressed, there was a decrease im platelet count (P < 0 001) and 
fibrinogen (P = 0 001), and increase ın aPTTR (P = 0 002) and INR (P = 0.001). 
The TEG confirmed this, decrease m alpha angle (P = 0 006), MA (P = 0 003) and 
G (P=0.001), 1ncrease in K (P = 0.008). Pror to knife to skin, ANH reduced 
platelet count (P=0 003) and fibmnogen (P = 0.001), and increased aPTTR 
(0003) and INR (P=0001) R ume was shortened (P=0 001) but MA 
(P=0.001) and G (P <0 001) decreased. Re-transfusion of autologous blood 
increased platelet count (P = 0.03) and fibrmogen (P = 0.004), decreased aPTTR 
(P = 0.017) and INR (P = 0 002), without affecting the TEG Between the groups, 
at the time of knife to skin, the ANH group had a lower platelet count (P < 0 001), 
increased INR (P =0 006), reduced MA (P=0010) and G (P=0011), bat 
shortened R time (P = 0.004) At 1 h into operation, the platelet count remained 
lower (P = 0.002), the INR (P=0 005) and aPTTR (P=0.008) mgnificantly 
prolonged Immediately prior to re-transfusion the only difference was a prolonged 
INR (P = 0 023). By the end of the operation there was no difference between 
groups In addition there was no difference in estimated blood loas 
Condustlons: Coagulation 1s significantly umpeured as operation progresses. 
Acute normovolaemic haemodilution impairs coagulation; this remains sig- 


nificantly rmpeired throughout operation. 
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Adequate vascular training opportunities can be provided without 
compromising patient care 


M. Pai, A. Handa, L. Hands and J. Collin 


Nuffield Department of Surgery, John Radcliffe Hospital, University of 
Oxford, Oxford, UK 

Aims: To review the results of index operations in vascular surgery and to evaluate 
the impact of a spectalist vascular training programme on patient outcome. 
Methods: We undertook a 5-year (January 1995—December 1999) review of 
the weekly collected mortality and morbidity data. The total number, 30-day 
mortality and stroke rate of all index operations, i.e. AAA repairs (ruptured and 
elective), CEA and infra-inguinal bypasses (above and below knee, elective and 
emergency) were recorded. The number of operations performed by trainees 
under supervision was recorded. 

Results: See Tables | and 2. 





Table | 
Consultant 
Total  Tramee supervision Death Stroke 
Operation number (%) (9) (%)} rate (%&) 
Ruptered AAA 214 186 (86.7) 107 (57.7) 112 (82.3) N/A 


Elective AAA 24} 189 (78.4) 159 (84.3) 8 (3.3) N/A 








CEA 240 140 (58.4) 140 (100) 4 (1.7) 14 (5.8) 
Infra-tnguinal 296 223 (75.5) 201 (90.3) 25 (8.4) N/A 
bypass 
Table 2 
Death 
Ruptured Elective lnfra-inguiaal Stroke following 
angurysrr aneurysn CEA bypass CEA 
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Overall vascular trainees performed 74.5 per cent of the index operations of 
which 82.2 per cent were supervised. 
Conclusions: The mortality and morbidity of index operations in our unit 
compared well with accepted best mortality and morbidity figures. Our unit 
provides good training opportunities for vascular trainees whilst maintaining 
satisfactory standards of patient care. 


Vascular (2 

The implications of changes in vascular practice on higher surgical training 
R.E. Bell, M. Aukett and P.R. Taylor 

Department of Vascular Surgery, Gay's & St Thomas’s Hospital, London, UK 
Aims: To assess the changes in vascular surgical practice over a decade and its 
implications for higher surgical training. 

Methods: Between 1992 and 2001, data for all arterial operations performed 
under a single vascular surgeon were entered consecutively into a computerized 
database. The number of vascular index procedures performed per annum was 
calculated. The index procedures used were: abdominal aortic aneurysm repair, 
carotid endarterectomy and infrapopliteal reconstruction. 
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Results: The median number of arterial procedures performed per annum was 
238 (range 208-304). Over the decade, there was a steady increase in abdominal 
aortic aneurysm (AAA) sergery from 53 cases (25 per cent of total arterial 
workload) in 1992 to 81 cases (33 per cent) in 2001. This was similar for carotid 
surgery, which increased from 24 cases (11 per cent) in 1992 to 54 cases (22 per 
cent) in 2001. Higher surgical trainees performed an average of 22 AAA repairs 
and 15 carotid endarterectemies per annum. In contrast, infrapopliteal recon- 
struction decreased from 30 cases (14 per cent) in 1992 to 6 cases (2.4 per cent) 
in 2001. This change in practice has been particularly noticeable in the last 
2 years when higher surgical trainees have only performed an average of two 
infrapopliteal bypasses per annum. 

Conclusion: The changes in vascular surgical practice may mean that higher 
surgical tramees will not receive adequate exposure to intrapopliteal bypass 
with the current length of training. 


Vascular 03 
Vascular surgery, CCU and HDU: a 10-year observational study 
G. Morris-Suff, J. Rees, P. Woodsford' and M.H. Lewis 


Departments of Surgery and ‘Anaesthesia, Royal Glamorgan Hospital, 
Llantrisant, Wales, UK 


Aims: Over the course of the past decade, numerous changes have occurred in 
the management of patients undergoing vascular surgery operations. The 
introduction of high dependency units (HDUs) has meant that many patients 
previously requiring observation in intensive care units (ICUs) are now 
managed in this new environment. This study reports the chronological changes 
in resource utilization of patients undergoing major vascular surgery at a district 
general hospital (DGH). 

Methods: Details of all patients admitted to either the ICU or HDU under the 
care of a single vascular surgeon during the period 1991-2000 were extracted 
from the prospectively maintained departmental database. Details of the age 
and sex of patients were obtained together with source of admission, place of 
discharge and duration of stay. Operative details for each patient were extracted 
from a prospectively maintained vascular surgery database. Details of patients 
not attending either HDU or ICU during the postoperative phase were obtained 
from the same source. 

Results: During the 10-year period under study, numerous changes in vascular 
surgery practice were observed. The HDU unit was opened in 1992. 
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Conclusions: Subspecialization over the past decade has meant a significantly 
increased major vascular workload. Since the introduction of the HDU, there 
has been a significant fall in the use of ICU facilities for routine cases. These 
changes in resource utilization have significant implications in terms of budget 
allocation. It would appear that finances, in relation to vascular surgery, should 
be concentrated on expanding HDU facilities and ensuring vascular surgery 
expertise amongst ward nursing staff. 
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Split-site vascular surgery: twin peaks or double trouble? Implications for 
patients and trainees 


S.A. Harris, LJ. Franklin, K. Fan and S.A. Ray 


Kingston & Roehampton Vascular Unit and Charing Cross Hospital, 
London, UK 


Aims: To determine whether performing vascular surgery at both the regional 
vascular centre (RVC) and a district general hospital (DGH) is associated with 
different clinical outcomes, and how such a practice affects the experience of 
the trainees at both sites. 

Methods: Over a 22-month period, we compared the postoperative 
mortality of 32 elective and emergency abdominal aortic aneurysm 
(AAA) repairs, the limb salvage rates following 63 surgical reconstruc- 
tions for severe leg ischaemia, and the nature of first assistants during 122 
arterial procedures, all performed by one consultant in either the RVC or a 
DGH. 

Results: No patient died following elective AAA surgery, but the operative 
mortality following rupture was higher in the DGH (80 per cent versus 14 per 
cent; ns). Graft patency (84 per cent versus 81 per cent; nsi and salvage rates (88 
per cent versus 83 per cent: ns) 3 months following lower-limb reconstruction 
were similar in the DGH and RVC. All but one of the cases in the RVC were 
attended by dedicated level H vascular trainees who were far more likely to 
perform an anastomosis than the nondedicated level I trainees in the DGH (65 
per cent versus 18 per cent: P < 0.01). 

Conclusions: Split-site elective vascular surgery can be performed safely, but 
there is a conflict between exposure of level Í trainees in the DGH to arterial 
reconstruction and increasing the often limited experience of level I] trainees in 
the RVC. 


Vascular 05 

Doppler ultrasound in the investigation of thoracic outlet syndrome 
PG. Byrne, PA. Coughlin, M.J. Weston, R.C. Kester and PJ. Kent 
Department of Vascular Surgery, St James's University Hespital, Leeds, UK 


Aims: The diagnosis of thoracic outlet syndrome rests primarily on a 
clinical evaluation. Doppler ultrasound may be employed to investigate 
any vascular component. Normative data in this area have not been well 
established. 

Methods: A total of 25 asymptomatic healthy individuals were examined 
clinically and with ultrasound. The presence of a subclavian bruit was noted. A 
single operator in turn imaged each arm. The patient was examined in three 
provocative arm positions: 90° abduction, 90° abduction with external rotation, 
and an elbow braced back, Roos-type position. Colour images and Doppler 
spectra were obtained. The duplex was considered positive if a significant 
alteration in the Doppler spectrum occurred, e.g. at least to monophasic flow. A 
single radiologist verified all scans. 

Results: Eleven female and {4 male subjects were examined, median 
age 27 years (20-63). Eleven (44 per cent) subjects had an arterial bruit. of 
which four were bilateral. Sixteen (64 per cent) subjects had a positive 
arterial duplex, of which four were bilateral. Vencus entrapment was 
detected in eight arms. If for the purposes of this study, ultrasound is considered, 
the gold standard for the detection of arterial entrapment, the sensitivity 
of a bruit in detecting such entrapment is 46 per cent, and its specificity 88 
per cent. 

Conclusions: Given the high prevalence of abnormal Doppler ultrasound 
findings in an asymptomatic population, duplex may have only a limited role in 
the investigation of TOCS. Although not a sensitive test, the detection of an 
arterial bruit correlates well with flow abnormalities appreciable on ultrasound 
examination. Clinical evaluation should continue to be paramount in the 
management of TOCS. 
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Superficial venous surgery in chronic venous ulceration: the influence on 
anatomic and haemodynamic function 


J. Barwell, C. Wakely, K. Harvey, A. Sassano, J. Minor, J.J. Earnshaw, 
B.P. Heather, D.C. Mitchell, M.R. Whyman and K.R. Poskitt 


Departments of Surgery, Cheltenham General, Gloucester Royal and 
Southmead Hospitais, UK 


Aims: To assess the effects of superficial venous surgery on anatomic and 
haemodynamic function in legs with chronic venous ulceration. 

Methods: Ulcerated legs with an ABPI > 0.85 undergoing surgical correction 
of superficial venous reflux were studied. Colour duplex imaging and digital 
photoplethysmography were performed before and 6 weeks following surgery. 
Legs were stratified into three groups: (A) isolated superficial reflux (n = 44), 
(B) superficial and segmental deep venous reflux (n = 23), and (C) superficial 
and total deep venous reflux (a = 12). 

Results: Seventy-nine limbs with chronic venous ulceration were studied. 
Superficial venous surgery abolished segmental deep reflux in 9 of the 23 legs 
(group B) but only abolished total deep reflux in 1 of the 12 legs (group C} 
(P= 0.03, Chi-square test). Surgery improved median (range) venous refill time 
from 10 (4-48) to 2) (9-48)s in group A, 11 (4-38) to 16 (6-36)s in group B, 
and 9 (3~24) to 11 (6-32)s in group C (P< 0.001, P= 0.06 and P= 0.08, 
respectively). 

Conclusions: Superficial venous surgery may correct segmental deep venous 
reflux, but has little effect on total deep reflux. Superficial venous surgery 
improves venous haemodynamic function in ulcerated limbs with isolated 
superficial reflux, and may improve haemodynamic function in legs with mixed 
superficial and segmental deep reflux. 


Vascular 07 


Chronic venous ulceration: effectiveness of sapheno-femoral disconnection 
alene or with long saphenous vein stripping 


J. Barwell, M. Tayler, J. Deacon, C. Davies, J.J. Earnshaw, BP. Heather, 
D.C. Mitchell, M.R. Whyman and K.R. Poskitt 


Departments of Surgery, Cheltenham General, Gloucester Royal and 
Southmead Hospitals, UK 


Aims: Elderly patients with chronic venous ulceration may benefit from venous 
surgery, but often wish to avoid general anaesthesia. The aim of this study was 
to compare the effectiveness of sapheno-femoral disconnection (SFJD) under 
local anaesthesia and SFID plus stripping of the long saphenous vein under 
general anaesthesia in legs with chronic venous ulceration. 

Methods: Patients with chronic venous ulceration were assessed with colour 
duplex imaging to identify those with sapheno-femoral junction reflux. Patients 
underwent either SFID alone under local anaesthetic or SFJD with stripping 
under general anaesthetic. Twenty-four-week ulcer healing rates and 12-month 
ulcer recurrence rates were compared. 

Results: The median (range) age of patients undergoing SFJD alone was 8! 
(46~90) years (n = 30) and of patients undergoing SFJD plus stripping was 68 
(31-86) years (1 = 83). Age-adjusted 24-week ulcer healing rate was 62 per 
cent for both groups. Twelve-month ulcer recurrence rates were 14 and 12 per 
cent, respectively (F = 0.39, Kaplan-Meier survival analysis). 

Conclusions: SFJD plus stripping has no additional short-term benefit over 
SFID alone in legs with chronic venous ulceration. 


Vascular 08 

Hyperhomocysteingzemia, a risk factor fer aneurysmal vascular disease? 
LV. Mohan, Y.M. Kan and G. Stansby 

Regional Vascular Unit, Si Mary's Hospital, Imperial College School of 
Medicine 

Aim: Homocysteine (HCY) is an independent risk factor for occlusive vascular 
disease, the relationship of hyperhomocysteinaemia with aneurysms has not 
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been established. The aim of this study was to assess the incidence of elevated 
HCY in patients with aortic aneurysms compared to controls, and patients with 
occlusive arterial disease. 

Methods: We measured HCY levels in 200 patients, 43 age- and sex-matched 
patients without vascular disease, 97 with aortic aneurysms (64 thoracoabdom- 
inal and 33 infrarenal) investigated for surgical intervention, and 60 
patients with limb ischaemia (35 claudicants and 25 with critical limb ischae- 
mia). Fasting blood samples were taken; serum separated and stored at ~70°C, 
HCY levels were measured using fluorescence polarization immunoassay 
(Abbott IMx" assay). Results are presented as mean + SEM with 95 per cent 
confidence intervals, and the Mann-Whitney U-test was used for statistical 
analysis. 

Results: Nine per cent of controls were hyperhomocysteineaemic (> 15 uM L~'): 


two per cent of the patients with aneurysms had elevated homocysteine, 
13.20 +0.62 (95 per cent Ch 11.97-14.43) um L~ ', and 26 per cent of patients 
with limb ischaemia were hyperhomocysteinaemic 13.24 + 0.68 (95 per cent CL: 
11.88~14.61) uM L '. HCY levels in both aneurysmal and occlusive disease were 
significantly higher than controls (P < 0.0001), and there was no difference 
between the occlusive and aneurysmal group. 

Conclusion: Homocysteine is prevalent in both aneurysmal and occlusive 
vascular disease. The treatment of hyperhomocysteinaemia is cheap, 
simple and inexpensive, and may represent a mechanism to modify the disease 
process. 


Vascular 09 
Selection of patients for repair of a ruptured aortic aneurysm 
W.D. Neary, P. Crow, C. Foy, B.P. Heather and J.J. Earnshaw 


Department of Surgery, Gloucestershire Royal Hospital, UK 


Aims: The aim was to see if the POSSUM and Hardman scoring systems were 
predictive of outcome after emergency abdominal aortic aneurysm surgery and 
to see if they could be used in patient selection. 

Methods: From 1990 to 2001, 246 patients presented as an emergency with a 
ruptured abdominal aortic aneurysm (AAA), 41 were treated conservatively. 
The case notes of these patients were reviewed retrospectively (it was not 
possible to retrieve four patients’ notes), P-POSSUM and Hardman scores were 
calculated and outcome was recorded. 

Results: Of the 205 patients who had surgery, 105 (51 per cent) died. 
P-POSSUM risk bands and Hardman scores were significantly associated 
with increased mortality (P < 0.001. Chi-square for trend), P-POSSUM 
was more discriminating, identifying a greater number of high-risk 
patients. 





P-POSSUM-predicted 0-10 10-25 25-60 60-90 90+ 
mortality (%} 

Observed operative 0/7 5/30 34/84 30/43 33/37 
mortality (%) (17) (40) (70) (89) 

Treated conservatively | 0 4 i9 17 
(n= 4l) 

Hardman score 0 | 2 3 

Observed operative 21/75 41/76 27/39 13/14 
mortality (%) (28) (54) (69) (93) 

Treated conservatively Q 16 8 17 


(#7 = 4} ) 





Conclusions: POSSUM identified more high-risk patients whilst Hardman 
scoring although identifying fewer high-risk patients was much simpler to 
perform. Risk scoring systems may have a fundamental role in helping to 
identify patients with a ruptured AAA in whom surgery is futile. 
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Simvastatin preserves elastin and reduces the inflammatory response in 
aortic aneurysmal tissue 


J. Evans, LM. Loftus, P.R.F Bell, J.T. Powell and M.M. Thompson 
Depariment of Surgery, Leicester Royal Infirmary, UK 


Aims: The loss of elastin aad subsequent weakening of the aneurysmal aortic 
wall is mediated by high levels of matrix metalloproteases and inflammatory 
cytokines. HMG CoA reductase inhibitors (‘statins’) may offer a pharmacother- 
apeutic strategy to prevent aneurysm expansion due to inhibition of both MMP 
formation and cytokine secretion. 

Methods: Elastin degradation was examined in a porcine model of aneurysmal 
disease. Sections of | cm? of healthy porcine aorta were treated with elastase for 
24h to initiate an inflammatory and proteolytic response. Following organ 
culture with incremental doses of simvastatin for 14 days, tissue was harvested 
for histological examination and MMP activity. The inflammatory response 
within aortic tissue was examined using full thickness human aneurysmal 
explants cultured in simvastatin for 48 h. Cytokine production was measured in 
the conditioned medium by ELISA, and MMP activity quantified by substrate 
gel zymography. 

Results: Addition of simvastatin to the culture medium resulted in preservation 
of elastin and reduction in the levels of MMPs and interleukin-6. 





Simvastati 
P-value 
Control 0.1 mM 0.3 mM | mM {ANOVA} 
Elastin (%) 22 24 4) 4] <O.001° 
MMP-9 (0.d.) 0.93 0.63 0.42 0.35 0.00345" 
IL-6 (ngmL~') 979 594 428 N/A 0.04" 
MMP-2 o.d.) 0.182 0.114 0.116 0.112 0.037 





Conclusions: Simvastatin has beneficial effects on the inflammatory and 
proteclytic processes withm the aneurysmal aortic wall, and has the potential 
to retard aneurysm expansion in clinical trials. 
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Management of popliteal aneurysms 

R.B. Galland and T.R. Magee 

Department of Surgery, Royal Berkshire Hospital, Reading, UK 

Aims: The best management of patients with either thrombosed or nonthrom- 
bosed popliteal aneurysms has yet to be established. This paper describes our 
experience managing such aneurysms. 

Methods: A prospective study was carried out of all patients presenting 
1988-December 2001. 
Since 1993, asymptomatic PA <3cm in diameter without distortion were 


with popliteal aneurysm (PA) during January 


managed conservatively. Ultrasound scans were carried out at 6-monthly 
intervals, These results were compared with conservative management 
of popliteal aneurysms of >3cm in diameter in patients who declined or 
were unfit for operation and with those patients who underwent elective 
bypass of PA. Results of patients presenting with thrombosed PA are also 
described. 

Results: Fifty-eight patients (two women) presented with 92 PA. Some 39 had 
thrombosed PA and these patients were significantly more likely to have 
bilateral aneurysms (P < 0.001). Of the non-thrombosed PA managed conser- 
vatively none below 3cm in diameter thrombosed. Patency of PA 2~3¢m in 
diameter was no worse than patency following elective bypass (P = 0.37). The 
risk of postoperative complications was greater with thrombosed compared 
with non-thrombosed PA (P < 0.005}. Pre-operative lysis for thrombosed PA 
was associated with more complications than operation and on table lysis 
(P< 0.05). 
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Conclusions: Careful monitoring of asymptomatc PA <3cm in diameter 
is safe Pre-operative lysis is associated with increased nsks compared 
with operation alone in those patients presenting with thrombosed PA 


Vascular 12 
Femorodistal bypass: an index operation? 
M K. Nasr and M Horrocks 


Department of Vascular Surgery, Royal Umted Hospital, Bath, UK 

Alms: The three index operations for vascular training compnse abdominal 
aortic aneurysm repair, carotid artery endarterectomy and femorodistal bypass 
graft operations We feel that during the last decade, the number of prmary 
femorodistal bypass operations performed has continued to decline in insttu- 
tions where percutaneous transluminal angioplasty (PTA) has become the 
primary treatment for critical limb chaena (CLD 

Methods: A retrospective study of the management of chronic CLI in our 
institution over a 6-year period (1994-1999) Patients were grouped according 
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to the date of first presentation into three groups group | presented between 
1994 and 1995, group 2 between 1996 and 1997 and group 3 between 1998 and 
1999 

Results: 

e Group | compnsed 185 patents with 222 ischaemic limbs, of those 19 
permary crural lesions were treated (6 by PTA alone and 13 by PTA and/or 
surgery) 

e Group 2 compnsed [80 patients with 204 ischaemic limbs, of those 29 
peumary crural lesions were treated (16 by PTA alone and 13 by PTA and/or 
surgery) 

e Group 3 comprised 161 patients with 182 ischaemic limbs, of those 24 
primary crural lesions were treated (13 by PTA alone and 11 by PTA and/or 
surgery). 

Condusions: PTA 1s becoming the pnmary choice for the treatment of CLI 
including distal lesions, and pnmary femorodistal bypass graft procedures are 
declining (six—cight per year) We question the rahonale of including such an 
uncommon operation into the vascular traning index procedures 
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Prospective randomized trial of proten pump inhibition, prokinesis or 
combination for bile reflux 


B.N. Appleton and J. Beynon 
Department of Surgery, Singleton Hospital, Swansea, Wales 


Aims: This prospective, randomized trial assessed the effect of omeprazole, 
cisapride, or a combination, on the bile acid component of refluxate, aspirated 
as precisely time-stamped samples, from patients experiencing proven gastro- 
oesophageal reflux. 

Methods: Thirty-cight patients (median age 55, 30 males) were randomized to 
receive cisapride 20mg bd, omeprazole 20 mg od or both, T hirty-four com- 
pleted the trial. After endoscopy and manometry, pH monitoring with oeso- 


phageal aspiration studies were performed before and after 4 weeks of 


medication, Symptoms, pH traces and aspiration volumes were compared. 
Pre- and post-drug aspiration samples (1294 in all) were sent for high 
performance liquid chromatography (HPLC). Concentrations of, and number 
of samples containing, bile acids were compared. 

Results: Median [total bile acid] is calculated by summing the concentrations 
of 15 separate bile acids (in uM/L) identified at HPLC in each sample and taking 
the median for each patient. 


a Et 
Pre- or 
post 
drugs Cisapride Omeprazole Combination 


No. patients Pre 1} (220) 12 (250) 


HEILD 
{samples) 
Post H GRD  HEG93) 12 (239) 
De Meester & Johnson score Pre 62.2° 18.9°° 24.95*** 
Post 20.057 EGT 59°" 
Median [total bile acid] Pre 15.07 24.047 4}. 5ttt 
Post 2.5} 5.07} Ltt 
No. samples containing Pre 1 194 135it LOSIE 
bile acid 
Post lOl} 109% O1ttt 


terete np 
"P= 0.26. “P= 0.005, “*P = 0.008. Wilcoxon. TP < 0.04, HP=0.17, 


TTIP = 0.003. Wilcoxon. IP > 0.9, HP > 0.3. tHtP < 0.001. Chi-squared. 
Pre-treatment: * versus *' 
"versus **, P=(0.031: 
Whitney. 


Kruskal-Wallis. Post-treatment: 
= P=0.012: 


versus “"" ns. 


% ; Ree 
Versus VErSUs ns. Mann~ 


Conclusion: Cisapride reduced bile acid concentrations but not episodes of 
reflux; omeprazole reduced neither. Combination therapy is better than either 
individual drug, with significant reductions in both. 
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Outcome after surgical management of duodenal polyposis associated with 
familial adenomatous polyposis 


A. Shankar and R.C.G, Russell 
Pancreatic Unit, The Middlesex Hospital, London, UK 


Aim: Patients with severe (Spigelman IV) duodenal polyposis associated with 
familial adenomatous polyposis (FAP) followed up at St Mark's Hospital have 
been shown to be at high risk of malignant transformation. A retro- 
spective review of such patients who underwent prophylactic resection was 
undertaken in order to ascertain outcome and form the largest series in the 
literature. 

Methods: The outcomes of 14 consecutive patients, median age 55 (range 
40-70) years, with severe duodenal polyposis associated with FAP underwent 
resection between 1994 and 2001. Their preoperative assessment by routine 
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endoscopy. biopsy, endoscepic ultrasound and CT scan, management and 
histology was reviewed. 

Results: There were 13 pancreatoduodenectomies and one local resection: 
three patients developed major postoperative complications, one of whom 
required reoperation for secondary haemorrhage, and there was one death 
within 60 days due to a pulmonary embolus. Four patients had carcinomas, two 
of which were not detected preoperatively and three of whom died of recurrence 
(9-36 months postoperatively); the remaining 10 patients are alive and disease 
free at a median of 17 (range 4-77) months. Preoperative investigation had 
difficulty in delineating the progression to invasion. 

Conclusion: Patients with severe duodenal polyposis associated with FAP 
should be counselled with regard to prophylactic resection given the high rate 
of malignant transformation. Pancreatoduodenectomy, whilst associated with 
significant morbidity, is the only procedure that ensures complete removai of 
polyp-bearing duodenum aad occult malignancy. Malignant transformation is 
associated with a poor prognosis. 


Upper GI 03 
Ampullary neoplasms: presentation, outcome and prognostic factors 
V. Bettschart, M.Q. Rahman, J. Wigham, R.W. Parks and OJ. Garden 


Department of Clinical and Surgical Sciences, Surgery, Royal Infirmary, 
University of Edinburgh 


Aims: The purpose of this study was to analyse the outcome and determine the 
predictors of survival for ampullary neoplasms, 

Methods: Over an | 1-year period, 583 patients were treated for peri-ampul- 
lary tumours, 88 of whom had a histologically proven ampullary neoplasm. 
Prospectively gathered data were analysed to assess predictors of survival, using 
Kaplan-Meier, t-test and Cox regression. 

Results: At presentation, five patients (6 per cent) were unresectable. Of those 
patients operated (n = 83; 94 per cent), 81 were resected {resection rate 92 per 
cent), with no operative mortality. Pathological examination of the specimen 
showed benign tumor (7 = 10; 12 per cent), carcinoma in situ (n= 151 per cent) 
and invasive cancer (71 = 70; 86 per cent). Median survival was 45.8 months for 
resectable patients versus 8.0 months for unresectable patients {P < 0.0001). On 
univariate analysis, age <70 (P = 0.02) and bilirubin <75 mmol/L. (P= 0.04) 
favoured long-term survival. Of the 70 resected cancers, factors associated with 
a significantly (P <0.05) worse long-term survival on univariate analysis 
included poorly differentiated histology, invasion of the pancreas (T3), positive 
nodes, and perineural invasion. Age, sex, presence of jaundice and type of 
procedure had no influence on survival. On multivariate analysis, tumour 
differentiation, perineural invasion and bilirubin level were independently 
related to survival. 

Conclusion: An aggressive surgical approach for ampullary tumours is 
justified by the low proportion of benign lesions, the absence of operative 
mortality and the improved long-term survival. Resectability, tumour differ- 
entiation, absence of perineural invasion and bilirubin level appear to best 
predict long-term survival. 
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A postoperative prognostic nomogram for patients undergoing resection 
for adenocarcinoma of the pancreas: assessing the individual’s risk of 
recurrence 


K.C. Conlon, M. Kattan, D. Bassman and ME Brennan 


Department of Surgery and Department of Urology, Memorial Sloan- 
Kettering Cancer Center, New York, USA 


Introduction: Management of resected pancreatic adenocarcinoma remains 
controversial with recent randomized trials Suggesting a role for adjuvant 
therapies, Patient selection for adjuvant therapy is currently based on models 
that define discrete risk groups for recurrence. However, no information exists 
which combines clinicopathological factors to predict an individual's prob- 
ability of disease recurrence. 
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Alm: The aim was to develop a prognostic model for disease-specific survival 
(DSS) following resection using climcopathologecal parameters 

Methods: A prospective database established m 1983 was used to identfy 
patients with pancreatic adenocarcinoma resected between October 1993 and 
Aprl 2000. Clincopathological/operative details were recorded. Follow-up 
was obtained as of October 2001. By using an accelerated failure time 
regression model, a nomogram was developed to predict median and 3-year 
DSS The nomogram was validated mtemally using bootstrappmg. 
Results: A total of 546 patents underwent resection for pancreatic adeno- 
carcinoma and included. Sex distribution was equal with the pancreatic head 
being the predominant sute of disease (n = 492, 90 per cent), The median DSS of 
the entire group was 17 months (95 per cent CI 15 6-18.7 months) In multi- 
variate analysis, size, differentiation, number of positrve nodes, margin status, 
and concomitant splenectomy were significant survival variables (P < 0.05) and 
included ın the nomogram Calibration plots suggested that the nomogram was 
well calibrated for all predictions. 

Conduslons: This nomogram predicts better than chance and discrimmates 
better than simply providing all patients with an average survival estimate 
(P <0.05) It can be used to predict the 3-year DSS for an indrvidual patent 
following resection. We believe that this nomogram gives novel information 
allowing for accurate assessment of prognosis, treatment selection, and clinical 
trial design 
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Management of acute severe pancreatitis without necrosectomy 
A. Shankar, R. Aggarwal, RCG Russell and TR. Kurrawinsk 
Pancreatic Unit, The Middlesex Hospital, London, UK 


Alm: The standard approach to pancreatitis with necrosis 1s necrosectomy. 
Recently only those with infected necrosis were operated upon. An alternative 
approach ıs drainage under radiological control. 

Methods: An audit by retrospective review of patents with acute pancreatitis 
managed by the pancreatic firm between January 1996 and December 2000 was 
undertaken 

Results: A total of 105 patients (M 46, F 59) were admitted, mean age ın years 
48 (range 17-79); 67 were tertiary referrals (64 per cent). Actiology was 
gallstones 41 (40 per cent), alcohol 36 (34 per cent), idiopathic 16 (15 per cent) 
and other 11 (11 per cent), 25 had oedematous pancreatitis (24 per cent), 11 had 
complicated pancreatitis without necrosis (10 per cent) and 69 patients had 
necrosis (66 per cent), 26 <30 per cent (38 per cent), 29 30-50 per cent (42 per 
cent), 14 >50 per cent necrosis (20 per cent). Organ failure occurred m 50 
patients (one 29, two 11, three 3, four 5, five 2) Radiologically guided 
percutancous drains were placed in 51 of those with necrosis (74 per cent), 
30 of whom were infected (59 per cent). Three patents underwent therapeutic 
angiography (3 per cent) and 28 bad an ERCP (27 percent) 42 patents (40 per 
cent) recerved antibiotics based on erther blood and/or drain cultures Mean 
length of stay was 41 days, range 1-164, whilst for those with necrosis was 
52 days, range 3-164 Sixteen patients were admitted to ITU (15 per cent), mean 
length of stay 19 days (range 1-70). There were five deaths (5 per cent) all ın the 
necrosis group, four of whom were infected. 


Conclusion: A non-operatrve approach to acute severe pancreatitis gives 
results smular to these series in which selectrve necrosectomy 1s undertaken. 
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A prospective evaluation of exocrine pancreatic function in patients with 
acute pancreatiths 

B Boreham and BJ. Ammon 

Royal Gwent Hospital, Newport, Gwent, UK 

Alms: To assess pancreatic exocrine function in patients recovering from first 
attack of acute pancreantis, and to evaluate its relahonahyp to severity of attack 
and the development of local pancreatic complications and endocrine pancrea- 
tc insufficiency 

Methods: Between December 2000 and November 2001, 23 patents were 
prospectively evaluated. Pancreatic exocrine funchoo was measured by the 
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faecal clastase-] test Attacks were classified as mild (n = 16) or severe (n = 7) 
according to the Atlanta criteria. 

Results: Pancreatic exocmne insufficiency was significantly more frequent in 
patients recovering from severe attacks than mild (n=6, 86 per cent versus 
n=2, 13 per cent, P = 0 002), and m those who developed pancreatic necrosis 
or pseudocyst than those who did not [6 of 7 patients versus 2 of 16 pabents, and 
5 of 5 patents versus 3 of 18 patients, respectively; P = 0 002]. The develop- 
ment of exocnne insufficiency correlated strongly (P<0001) with the pre- 
sence of pancreatic necroma and pseudocyst formaton, but not with pancreatic 
endocrine insufficiency (n=4, P=007). ‘Severe’ exocrine insufficiency 
(n= 7) occurred ın all sx patients with pancreatc necrosis mvolving more 
than one-third of the gland. Exocrme insuffictency persisted durmng follow-up 
(median 3 months) in patients with severe disease 

Conduslons: Pancreatic exocrine msufficiency is a common occurrence in 
patients recovering from severe acute pancreatitis, and its severity relates to the 
extent of pancreatc necrosis A follow-up study 1s required to evaluate the long- 


term potential for recovery, and the duraton of therapy with pancreatic enzyme 
supplementation. 
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Cryotherapeutic ablation for liver tumours ~ experience of a United 
Kingdom series 
AJ. Sheen, R. Deshpande,! G. Poston? and DJ Sherlock! 


Departments of Surgery, ‘North Manchester Healthcare NHS Trust M8 

SRB and *The Royal Liverpool! & Broadgreen Unrernty Hospitals NHS 
Trust L7 &XP 

Alms: Over the last decade cryotherapy has been reported to improve survival 
for patients with hepatic metastases We compared our 5-year experience of 
cryoablatrve techniques for colorectal (CR) and non-colorectal (Non-CR) 
metastases. 

Methods: Data were analysed retrospectively from two centres in the North- 
West of England Survival analyses were cakulated using the Kaplan-Meier 
method 

Results: Over a 7-year period (1993-2000), 57 patients underwent cryotherapy 
for malignant hepatic tumours. There were 36 males (63 2 per cent), and 2! 
females (36 8 per cent) The age of the patients ranged between 17 and 83 years 
(mean 60, median 57 8 years). Forty-one patients had CR metastases with 
between | and 11 lesions per patient, ranging in size from 2 to 10cm. 
Preoperative carcinoembryonic antigen (CHA) levels (mean = 444.1 ug/L) 
were significantly reduced following treatment in the CR patents with a mean 
postoperative level of 6.22 ug/L (P=0.002, McNemar test) Two patients 
developed cryoshock and four other patents suffered cardiorespiratory com- 
plications. The remaining 16 patients with Non~CR tumours (6 neuroendocrine 
metastases, 5 hepatocellular carcinomas (HCC), 3 sarcomas, | cholangiocar- 
cinoma and | insulinoma) all recerved cryotherapy alone. There were no major 
complications in this group The 3- and 5-year survivals for Non-CR and CR 
metastases were 80 and 32 per cent and 33 and 6 per cent, respectively Survival 
for Non-CR metastases was significantly better than for CR metastases 
(P = 0.005, log rank test) 

Conduston: Cryotherapy 1s an effectrve form of hepatic ablanon Cryotherapy 
for poncolorectal metastases has a greater long-term survival benefit with fewer 
complications when compared to colorectal metastases (P = 0 005, log rank test). 
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Hepatic resection for suspected malignancy subsequently shown to be 
benign pathology 

R.AE Clayton, D Clark, EJ. Curme, KK Madhavan, RW Parks 

and O J. Garden 

Department of Clmical and Surgical Sciences (Surgery), Royal Infirmary 
of Edinburgh 

Introduction: Hepatic resection for selected patients with lrver metastases or 
proximal cholangiocarcinoma confers mgnificant survival advantages 


25 


ASGBI: Upper GI 01-12 


Confirming hepatic or proximal bile duct malignancy preoperatively remains a 
challenge. The aim of this study was to establish the incidence and outcome of 
major liver resection in patients with suspected malignancy subsequently shown 
to have benign pathology. 

Methods: Analysis of a prospectively collected data from patients undergoing 
hepatic resection between 1989 and 2001. 

Results: Of 250 consecutive patients undergoing hepatic resection for pre- 
sumed malignancy, 18 patients (7.2 per cent) (13 females, 5 males; mean age 
50 years) had benign pathology. There was no postoperative mortality in 
this group but four patients (22 per cent) developed postoperative 
complications. 








Final Pathology | 
Presumed pre-operative Total A RTE E AEN ‘False 
diagnosis resections Benign Malignant positives’ 
Malignant biliary strictures 4l 10 24.4% 
Hepatocellular carcinoma 34 2 32 5.9% 
Gallbladder carcinoma I5 2 13 13.3% 
Secondary liver tumours 160 4 156 2.5% 
Total 250 18 232 7.2% 


Conclusion: Although hepatic resection remains a potentially curative pro- 
cedure for patients with tumours involving the liver parenchyma or proximal 
bile ducts, preaperative confirmation of malignancy remains difficult, with a 
‘false positive’ rate of 7.2 per cent. Despite appropriate investigation a subset of 
patients with benign disease will stii be subjected to major hepatic resection 
which should be undertaken in a specialist unit. 


Upper GI 09 
Outcome after antireflux surgery ~ a comparison between open Nissen, 
laparoscopic Nissen and laparoscopic Watson fundoplications 


G.D. Stewart. A.J.M. Watson, PJ. Lamb,’ AJ. Lee? Z.H. Krukowski.” 
S.M. Griffin’ and S5. Paterson-Brown‘ 


F Sa j a gs j 

Departments of Surgery: Royal Infirmary of Edinburgh, Aberdeen Royal 
yè 3 s . ` 7 . « enni 

Infirmary” and Royal Victoria Infirmary, Newcastle,’ Medical Statistics 


Unit, The University of Edinburgh” 


Aims: This study compares the outcome of three different techniques of 
antireflux surgery, carried out at three regional specialist units. 

Methods: Patients undergoing open Nissen fundoplication (Newcastle (ON), 
n= 16), laparoscopic Nissen fundoplication (Edinburgh (LN), n= 119), and 
laparoscopic Watson fundoplication (Aberdeen (LW), n= 254) between 
December 1993 and February 200] were identified from prospectively com- 
piled databases. Patients were sent a questionnaire, including two gastrointest- 
inal symptom scores (DeMeester and Gastrointestinal Symptom Rating Scale 
(GSRS))- 

Results: A total of 357 (80.6 per cent) patients completed questionnaires; no 
differences in response rate were observed among centres. Median time since 
surgery was 3.8 years for LW group, 2.4 years for LN group and 3.5 years for 
ON group (P < 0.001). Only a mean of 6.5 per cent patients reported a poor 
outcome, DeMeester score (GORD symptoms) was highest following 
LW and lowest following LN (P = 0.009), and increased with time from 
operation. However. logistic regression revealed no difference among the 
procedures after allowing for the effect of time, suggesting that time since 
operation is important, not procedure type. Overall, LN patients reported 
greater inability to belch (P = 0.007), however, this symptom also improved 
over time (r= ~0.14, P= 0.009), and there was no difference among groups 
after taking time since operation mto account. In addition there was no 
significant difference in the GSRS scores, painful bloating or inability to vomit 
between groups. 
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Conclusion: This study has confirmed that the long-term outcome following 
all three procedures is similar with gradual reduction in inability to belch with 
time and some recurrence of other GORD symptoms. 


Upper GI 10 
Prospective evaluation of bone scintigraphy as a staging investigation for 
oesophageal carcinoma 


PJ. Lamb, A. Immanuel, J. Lloyd, D.L. Richardson, J. Wilsdon, D. Karat, 
N. Hayes and S.M. Griffin 


Northern Oesophago-Gastric Cancer Unit, Royal Victoria Infirmary, 
Newcastle upon Tyne, UK 


Aims: From 1990 to 1999, 9 per cent (11/125) of patients undergoing 
radical oesophagectomy for node positive carcinoma re-presented with 
symptomatic bone metastases within 12 months of surgery. The aim of this 
study was to prospectively evaluate the introduction of preoperative bone 
scintigraphy. 

Methods: From 0l December 2000 to 30 November 2001, 159 patients 
with oesophageal carcinoma were assessed. Tc”’-HDP bone scintigraphy 
was performed for patients identified as having transmural (T3) disease 
and lymph node involvement (NI) by conventional investigations (CT 
and endoscopic ultrasound}, and who were otherwise suitable for radical 
treatment. 

Results: A total of 69 patients (43 per cent) were suitable for radical treatment 
and of these 45 patients (median age 62 years, M:F ratio 3:1) staged with 
T3N1 disease underwent bone scintigraphy. The histological diagnosis was 
adenocarcinoma in 76 per cent and squamous carcinoma in 24 per cent. Bone 
scintigraphy was normal or showed degenerative change in 33 patients (73 per 
cent), and demonstrated areas of abnormal radioisotope uptake requiring further 
investigation in 12 patients (27 per cent). In six patients (13 per cent) plain 
radiographs, MRI, and biopsy confirmed the presence of bone metastases; a 
single metastasis in five patients (illac-2, humerus-2, femur-!) and multiple 
vertebral metastases in one patient. These six patients received palliative 
treatment. No patient undergoing bone scintigraphy has developed bone 


initial median follow-up of 5 months. 

Conclusions: Bone scintigraphy is essential to exclude metastatic disease 
prior to the radical treatment of advanced oesophageal carcinoma. Bone is 
frequently the first site of distant metastatic spread and these patients are most 
appropriately managed by nonsurgical palhation. 
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Multivariate analysis of survival following surgery for oesophageal and 
gastric cancer: results from a population based cohort of 1302 patients 


A.M. Thompson and K.G.M. Park for the Scottish Audit of Gastric and 
Oesophageal Cancer 


Department of Surgery and Molecular Oncology, Ninewells Hospital and 
Medical School, Dundee DDI 9SY 


Aim: To elicit factors associated with survival in unselected patients under- 
going oesophageal or gastric cancer resection. 

Methods: The population based Scottish Audit of Gastric and Oesophageal 
Cancer (SAGOC) collected data from every patient diagnosed with oesopha- 
geal, junctional or gastric cancer in Scotland over 2 years to September 1999 
with | year minimum follow-up. Data were analysed by univariate, case-mix- 
adjusted then multivariate analysis. 

Results: For the 3293 patients (1302 of whom underwent surgery) overall 
survival was 32 per cent at I year and 17 per cent at 2 years. For the 1302 (39.5 
per cent) surgical patients, survival was significantly better (P < 0.001): 54 per 
cent at | year and 33 per cent at 2 years. Factors adversely affecting survival by 
multivariate analysis in the surgical group (Table) were comorbid disease (ASA 
4 or 5) and margin involvement in the resected specimen. A better outcome was 
associated with a history of peptic ulcer or H. pylori infection, nonsmokers or 
junctional cancer. 
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Hazard Confidence 

Factor ratio mitervals Probability 
ASA grade 4 (178 patients) HR 1.35 1 00-1 81 P = 0.047 
ASA grade 5 (20 patients) HR 2.46 1 424.27 P=().001 
Margin involvement HR 1 97 1 32~2.96 P = 0.001 
Nonsmoker HR 078 0 64-0,.94 P=0.01 
Junctonal cancer HR 07 0 51-0.95 P= (0.021 
History of ulcer Helicobacter HR 0 79 0 63-0 99 P = 0.04 


Neather the sıze of hospital of diagnoets nor the caseload for hospital of surgery had 
any impact on survival by univariate, case-mix-adyasted or multivanate analysis 
Condusion: For patients undergoing oesophagogastric surgery, patient fitness, 
the site of the cancer and the completeness of resection are significantly related 
to survival. 
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Ocsophago-gastric stromal tumours: a single unit experience 
A Immanuel, PJ Lamb, S Robinson, D Karat, N. Hayes and SM Griffin 


Northern Oesophago-Gastric Cancer Unit, Royal Victoria Infirmary, 
Newcastle upon Tyne NEI 4LP 


Aims: Gastrointestinal stromal tumours (GIST) represent a rare group of 
heterogenous mesenchymal tumours The sim of this study was to analyse 
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the clinical presentation and outcome for patients with oesophago-gastric 
stromal tumours managed in a angle institution. 
Methods: Of 1312 patients undergoing assessment for oesophago-gastric 
tumours from 1994 to 2001, 25 (2 per cent) patents (median age 60 years, 
M F rato 1 1.1) had stromal tumours The clinical features, management and 
long-term outcome was evaluated for these patients 

Results: A total of 19 (76 per cent) gastmc and 6 (24 per cent) 
oosophageal stromal tumours were seen dunng this penod The commonest 
symptoms were acute (n=2) or chromc (m=10) gastrointestinal 
haemorrhage (48 per cent), mdigestion (20 per cent) and anorexia (32 per 
cent) Twenty underwent surgical resection (15 gastrectomy, 5 subtotal 
ocsophagectomy). There were no m-bospital deaths Three patients were 
unfit for surgery and one patient had an unresectable tumour at laparotomy 
Tomours were classified as lecomyoma (80 per cent) and leaomyosarcoma 
(20 per cent) according to cellular atypia and mitotic rate Leiomyosarcomas 
(mean diameter=8cm) were larger than leiomyomas (mean diame- 
ter==4 | cm, P=003) 10 (455 per cent) tumours were epithelioid in ongin 
including all sarcomas and 12 (545 per cent) were spindle cell At a median 
follow up of 32 months all patents with a benign diagnosis were alive with no 
recurent disease Three of four sarcomas died of local recurrence at 6, 52 and 
66 months. 

Conclusion: GISTs of the upper gastromtestinal tract are rare and most 
commonly present with gastrointestinal hacmorrhage Surgical resection has 
excellent outcome but tumour size and epithelioid cell ongin are associated 
with an increased nek of malignancy 
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Laparoscopic gastric banding: a significant postoperative radiological 
workload 


R. Ackroyd, F. Lez, M.C. Collins and A.G. Johnson 


Departments of Surgery and Radiology, Royal Hallamshire Hospital, 
Glossop Road, Sheffield S10 207 UK 


Aims: To assess the role and workload of radiology in the postoperative assessment 
of patients following adjustable laparoscopic gastric band = (Lap-Band) insertion. 
The radiological assessment of band tightness, the technique of band adjustment 
and the detection of complications are presented. 

Methods: The study population included 32 patients who had undergone Lap- 
Band insertion over a 4-year period. Postoperative assessment involved mon- 
itoring the patients’ symptoms and weight loss by serial measurement and 
calculation of body mass index (BMI). All radiological interventions were 
documented, including contrast swallows and fluoroscopically controlled 
adjustmenis by needle access to the subcutaneous port connected to the 
Lap-Band device. All needle adjustments were performed using bi-plane 
fluoroscopy and monitored by contrast swallows. The number and nature of 
any radiologically detected complications were also recorded. 

Results: A total of 163 radiological procedures were required in 32 patients. 
These included | 26 needle adjustments (either tightening (injection) or loosen- 
ing (aspiration) of the band) and 37 contrast swallows, where there was an 
apparent discrepancy between the patient’s symptoms and serial weight loss 
assessment, Complications included gastric band leakage and erosion into the 
stomach lumen (three), leakage from the port and connections (two), shifting of 
the port (five) and rotation of the gastric band (six). 

Conclusions: Adjustable gastric band insertion is not free of complications 
and creates a significant and challenging postoperative workload for radiology. 
Particular difficulty relates to assessment of band tightness, and radiological 
expertise is required in needle adjustment of the band and detection of 
complications. 
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Laparoscopic gastric banding for the treatment of morbid obesity: 
is it worthwhile? 


M.L. Baroni, C. Ekwobi, J. Krissat and M.N. Siddiqui 
Department of General Surgery, Royal London Hospital, London, UK 


Aim: Laparoscopic gastric banding (LGB) has recently become an attractive 
minimally invasive surgical procedure for the treatment of morbid obesity. We 
report our prelimimary experience performed in a single unit. 

Methods: From January 1998 to December 2000, 17 patients were admitted 
for treatment of morbid obesity. Mean age was 42 years (range: 27-52 years). 
There were 5 males and 12 females. Al patients were fully evaluated in a 
bariatric surgical clinic prior to surgery. Patients were reviewed by the multi- 
disciplinary team at 6weeks and regularly thereafter. Quality of life was 
assessed via a postal questionnaire. 

Results: There was no operative mortality. LGB was inserted successfully in 13 
cases (76 per cent), three patients (18 per cent) were converted into open 
insertion and the procedure was abandoned in one patient because of technical 
difficulties. Mean hospital stay was 5+ I days. Complications occurred in 
seven patients (41 per cent), including port site infection (two patients), slippage 
{four cases) and gastric erosion in one patient needing removal of the device. 
Late complications include one patient with GORD and three patients with 
rachological evidence of oesophageal dilatation. Median follow up was 
t4 months. Mean excess weight loss (EWL) was 18.8 per cent. Three patients 
had >50 per cent EWL and/or a postoperational BMI of <35, 

Conclusion: LGB has been reported as a safe, effective procedure in the 
treatment of mortid obesity, however, complications such as port slippage, 
erosion and oesophageal dilatation may occur. The long-term consequences of 
oesophageal dilatation are unknown and further band inflation should be done 
with caution in these patients. 
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Obesity 03 


Laparoscopic obesity surgery — initial experience with a tailored 
approach 


S.P.L. Dexter and M.J. McMahon 


Leeds Institute for Minimatiy Invasive Therapy and Academic Departmen: 
of Surgery, Leeds, UK 


Aims: To assess the clinical outcomes from a range of laparoscopic antiobesity 
procedures, tailored individually to morbidly obese patients. 

Methods: All patients listed for primary bariatric surgery between March 1999 
and January 2002 by either of the two authors were offered a laparoscopic 
procecure. The choice of procedure was determined primarily by body mass 
index (BMI) and by patient’s choice after counselling. Relevant data were 
collected prospectively for analysis. 

Results: All patients opted for a laparoscopic procedure. There were 64 
primary obesity operations. These comprised 26 vertical gastric stapling 
(tsleeve gastrectomy) (VGS), 8 Roux-en-Y gastric bypass (RYGB) and 30 
laparoscopic adjustable gastric bands (LAGB). Median preoperative BMI was 
47 (35-73) for VGS, 53 (43—66) for RYGB and 46 (33—58) for LAGB. There 
was one conversion during RYGB for bleeding. The median duration of 
operation for VGS, RYGB and LAGB. respectively. were 135, 390 and 
90 min. The median postoperative stay was 3, 7 and 2 days for the same groups. 
Compiicauons requiring reintervention or readmission occurred in seven 
patients (two staple line leak, one anastomotic stricture, one GI bleed, two 
band slippages. one gastritis). Weight loss was slowest after LAGB, but similar 
to equivalent open procedures in our institution for stapling and RYGB. 
Conclusions: The full range of primary bariatric procedures available at open 
surgery can be applied laparoscopically. Laparoscopic RYGB in particular is a 
challenging procedure with a steep learning curve. 


Obesity 04 


Laparoscopic reversal of bariatric bypass: indications persist, risk 
depends on hypoalbuminaemia, not surgical approach 


A. El Atar, A. Imam,'! L. Bidlake, t J.B. Liban.?* S. Nussey’* and 
A.G.T W. Fiennes!" 


5 " 2 F . . je o 
‘Departments of Surgery, “Anaethesia and Metabolic Medicine, 
s G] ` : , H + 
"St George's Hospital and ‘Medical School 


Background: In the last quarter of the twentieth century, over [00 000 jejuno- 
ileal bypasses (JIBP) were performed since the first description by Kermen in 
1954. In the mean time, the long-term metabolic risks of this procedure is well 
known, Although there are more optimistic reports concerning the bilio- 
pancreatic bypass (BPBP, Scopinaro), our own experience is otherwise. We 
continue to see patients with both types of bypass requiring reversal for the 
same indications. Could these patients be offered the advantages of laparo- 
scopic reversal? 

Methods: In the period between April 1996 and April 2001, all 17 patients 
presenting for reversal were considered for laparoscopy. The technique is 
presented elsewhere. 

Results: There were five planned open reversals, four conversions from 
laparoscopy to open and eight complete laparoscopic reversals. Of 17 reversals, 
12 were for JIBP and 5 for BPBP. In the open group, there were two fatalities 
and two patients with complicated course. One patient in the laparoscopic group 
had an anastomotic leak requiring reoperation. All the patients who died or 
suffered complication had a preoperative plasma albumin below 30¢L7! 


Conclusion: These data show that laparoscopic reversal is usually technically 
feasible. Since most patients require a secondary bariatric procedure. the low 
potential for adhesions is of value. Furthermore, many patients continue to have 
an abnormal body image. The statistically significant difference in albumin 
levels, not the surgical approach, appears to dictate the outcome. 
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Vascular 13 


Regional versus general anaesthesia for carotid endarterectomy 
(CEA): impact of change in practice 
R. Mofidi, A. Nmmo, C Moores, A M. Jenkins, J A. Mone and R T.A Chalmers 


Departments of Vascular Surgery and Anaesthena, Royal Infirmary of 
Edmburgh, Edmburgh EH3 9YW, UK 

Alms: This study compares local anaesthesia (LA) by cervical plexus nerve 
block with general ansesthemia (GA) 

Methods: All patients who underwent CEA from January 1997 to December 
2001 were reviewed; LA was used almost exclusively over the last 2 years. 
Differences ın incidence of postoperative death, neurological dysfunction, 
cranial nerve injury and haematoma, the need for peroperative shunting, and 
duration of hospital stay were assessed. 

Results: A total of 371 CEAs were carried out ın 363 patients (237 men, 126 
women), 179 under GA and 192 under LA Indications were transient ischaemic 
attack (140), stroke with recovery (134), amauroms fugax (85) and asymptomatic 
stenosis (12) Peroperatrve shunting was used in 66 (37 percent) GA operations and 
38 (20 per cent) LA operations (P < 0 O1). There were five strokes and sıx transient 
neurological events; eight (4 7 per cent) patients developed such problems with GA 
and three (1 6 percent) with LA (P <0 05) There were four deaths, three (1.7 per 
cent) afterGA and one (0 5 per cent) after LA (P > 0 5); all deaths after GA were due 
to stroke, while that after LA was due to pulmonary embolism. There was po 
significant difference between the groups in incidence of myocardial infarction, 
cranial nerve myury and haematoma formation. Median (range) duration of hosprtal 
stay was 4 5 (3.0~14.0) days for the GA group and 3.0 (2 0-10 0) days for the LA 
group (P < 0.001). 

Condusion: Employmg LA rather than GA for CEA has resulted in a 
significant reduction in incidence of postoperative stroke and death, need for 
peroperative shunting and duration of hospital stay. LA offers clinical and cost 
advantages over GA. 


Vascular 14 


Do trainees jeopardize the outcome of infra-inguinal bypass? 

RK. Fisher, J A. Brennan, G L. Gilling-Smith, A. Bakran and PL. Harris 
The Regional Vascular Unit, The Royal Lrverpool University Hospital, UK 
Aim: A sorgeon’s accountability for bis outcome figures may detract from 
reahzing traning opportunites dunng major procedures, and whilst patent 
welfare must take prionty, the surgeons of tomorrow require adequate traming 
This study umed to validate the participation of trainees m infra-inguinal 
arterial reconstruction in our institution 

Methods: Interrogation of our audit database covering infra-inguinal bypass 
surgery dunng a 5-year penod provided details of operations performed by 
consultants and tramees Outcome measures were cumulative patency, limb 
salvage using Kaplan Meier curves, and 30-day mortality. 

Results: Trainees performed 127 (27 percent) mfre-inguinal bypass operations: 5 1 
(40 per cent) above knee; 46 (36 per cent) below knee; 30 (24 per cent) distal. 
Consultants performed 341 (73 per cent) operations, 133 (39 per cent) above knee, 
84 (25 per cent) below knee and 124 (36 per cent) distal Simmlar pahent demo- 
graplucs were noted between the two groups, and the outcome measures of each 
group are summarized in the table. Cumulative patency and Innb-salvage rates for 
operations performed by trainees were compared to those by consultants and no 
statistical differences were found (P = 0 2601 and 0.9026, respectively; log-rank 
test) Thirty-day mortality was significantly higher after operation by a consultant, 
5 5 per cent, compared to a trainee, 1.6 per cent (P < 0 0001, Chi-square test) 


Cumulatrve patency % (n) Limb salvage % (n) 


Total | year 3 years | year 3 yoars 
Trainee 127 76% (73) 64% (16) 67% (65) 51% (12) 
Consultant 341 71% (176) 609% (59) 70% (159) 51% (48) 
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Conduston: The outcome after mfre-inguinal bypass 1s not jeopardized by a 
trainee performing the operation, assuming appropnate supervision The higher 
mortality in the consultant-operated group probebly reflects appropriate case 
selection, with training allocated to fitter patients. 


Vascular 15 


Risk stratification of abdominal aortic aneuryxm surgery: 
the solution to HDU case selection? 


VG. Hadpianastessiou, PP Tekkis, J D. Polonieck and D.R. Goldhill 


Upper Gil Service, John Radcliffe Hospital, Oxford, Academuc Department 
of Surgery, King’s College Hospital, Public Health Sciences, St George's 
Hospital, London and The Anaesthetics Unt, The Royal London Hospital, 
London, UK 


Alne Development of a nsk-stranfication model for abdominal sortic aneuryam 
(AAA) surgery for allocation of low-risk cases to high-dependency umt (HDU) 
care. 

Methods: Prospective APACHE II data were collected from 1896 patents 
undergoing emergency and elective AAA reper admitted to 20 ICU in the 
Thames region since 1992 The prognostic ability of the APACHE I system 
was cvaluated using postoperative physiological measurements collected peri- 
ICU admussion. New prognostic models for mbospital mortality were developed 
using multilevel logistic regression (MLR) and logistic regreasion (LR) opti- 
mized by bootstrap re-sampling (10000 rterations). Four independent nak 
factors were identified’ emergency operation, chronic health status, age and 
the acute phymology score. Multilevel modelling was used to incorporate the 
effect of vanation of outcome by different ICUs 


Results: 

Calibraton and discrimination statistics 

HL P-value c-mdex 95% CI of c-index 
Models statistics for HL (ROC) (ROC) 
MLR 6.14 663 0.845 0.821~-0.868 
Bootstrapped LR 11.99 015 0 840 0.816-0.863 
UK APACHE II 256.54 <0 000 0.813 0 789-0 838 


The variation of outcome by ICU was not statistically mgnificant (P =0 28). 
Using a 10 per cent mortality cut-point for ICU admission, we anticipate 30 per 
cent reduction in ICU admissions with an observed HDU mortality of 6 per 
cent 

Discussion: The models developed can rehably nsk-stratfy postoperatively 
both emergency and elective AAA repairs This has enormous umpact for the 
vascular service by. (1) formally defining low-risk cases for HDU management, 
and (2) offering the means to dengn and analyse a definitive randomuzed trial of 
low-risk cases between HDU and ICU care 


Vascular 16 

Natural history of nonoperated abdominal sortic aneurysm 

ALL. Tambyraya, A.S. Tenna, Y. Soh, A M L. Jenkins, JA Mune and 
RTA. Chalmers 

The Department of Vascular Surgery, Royal Infirmary of Edinburgh, 
Edinburgh EH3 9YW, UK 

Alm: To assess the outcome for petients with nonoperated asymptomatic and 
symptomatic abdominal aortic aneurysm (AAA). 

Methods: Patents admitted between January 1995 and December 1999 with 
an AAA, who did not have surgical repair, were included Demographic data, 
aneurysm size, reason for no operation, follow-up duration and causes of death 
were examined Survival data were obtained from general practice and hospital 
records. Cause of death was identified from the General Register Office for 
Scotland 


29 


ASGBI: Vascular 13-19 


Results: Of the 758 patients admitted with AAA, 128 had intact lesions and did 
not undergo operation, These comprised 77 men and 51 women of median 
(range) age 73 (60-92) years: 75 {59 per cent) had an asymptomatic and 53 (41 
per cent) had a symptomatic lesion. The median (range) AAA diameter was 55 
(27-85) mm for asymptomatic and 55 (33-100) mm for symptomatic lesions. 
The commonest reasons for not operating were significant comorbidity in 73 
(57 per cent) and small aneurysm size in 32 (25 per cent). Overall, follow-up 
was for a median (range) of 19 (1-74) months. In the asymptomatic group, 31 
(41 per cent) patients were alive, 26 (35 per cent) having died from a cause 
unrelated to the AAA and 15 (20 per cent) from the AAA; 3 (4 per cent) 
were fost to follow-up. In the symptomatic group, 18 (34 per cent) were alive, 23 
(43 per cent) having died from an unrelated cause and }2 (23 per cent) from 
the AAA. Of the 127 patients in both groups, only 27 (21 per cent) died from 
their AAA. 

Conclusion: Only one-fifth of patients with AAA who were not operated had 
an aneurysni-related death. 


Vascular 17 


Prospective randomized trial of superficial femoral artery (SFA) 
angioplasty with adjuvant photodynamic therapy (PDT) using 
5-aminolaevulinic acid (ALA): safety and tolerability 


M. Pat. R, Mansfield, S. Moss, M. Raphael, J. Brooks, S. Bown, J. McEwan 
and C. Bishop 

National Medical Laser Centre and Department of Radiology and Vascular 
Surgery, Royal Free and University College London Medical School 


Aims: The clinical feasibility of PDT as an adjunct to SEA angioplasty has been 
demonstrated in a small pilot study. We are now undertaking a randomized 
controlled trial of superficial femoral artery angioplasty with adjuvant PDT. 
Methods: One hundred and thirty patients with symptomatic SFA stenosis or a 
short (<4em) occiusion will be randomized to receive the photosensitizer 
5-ALA or placebo doses every 3h commencing 5h prior to angioplasty. In the 
patients receiving active drug, angioplasty is immediately followed by intra- 
luminal light delivery {50Jem 7 at 635nm). The control group undergoes a 
standard angioplasty only. Lesions are assessed by Duplex ultrasound scanning, 
before the procedure and at 24h. 1, 3 and 6months afterwards. An interim 
procedural safety review was carried out of 30 patients. 

Resuits: 








Treatment group Control group 


15 (6) 
76 (55-89) 


15 (9) 
74 (55-80) 


Number (males) 
Median age (range) in years 


Risk factors 


Known IHD 9 
Treated hypertension i2 8 
Known diabetes 3 4 


The illumination was tolerated well, although three patients complained 
of Jocal pain in the treatment group. There were no vascular complications. 
ALA-induced hypotension was observed in six patients who received treatment. 
The hypotension responded promptly to IV fluid. Diuretics and antihypertensives 
potentiate the hypotension and may be best omitted on the day of treatment. 
Conclusion: SFA angioplasty with adjuvant PDT is safe and well tolerated. It 
is Clinically feasible and only increases treatment time by 10-15 min. 
Vascular 18 

Angioplasty of iliac occlusions: a case for surgery 


I. Loftus, V. Papavassiliou, A. Bolia, G. Fishwick, A.R. Naylor, N. London, 
P. Bell and M.M. Thompson 


Depariment of Surgery, Leicester Royal Infirmary NHS Trust, Leicester. UK 
Aims: Primary angioplasty (PTA), stenting and surgical revascularization 


have all been advocated for the treatment of iliac occlusions. The aim 
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of the study was to review the long-term outcome of a policy of 
primary angioplasty with salvage stenting as the first-line treatment for iliac 
occlusions. 

Methods: Between 1996 and 2000, 90 patients underwent PTA for 
iliac occlusions in 94 limbs (median age 65 (43~88) years). Presenting 
symptoms were claudication in 79 and critical limb ischaemia in 15. 
There were 16 diabetics. Short-term complications and long-term outcome 
for the patient cohort were defined by clinical follow-up. Results were 
quantified by life table analysis, and groups were compared by the Kaplan- 
Meier test. 

Results: Technical success was obtained in 77 per cent of the patient group. 
Salvage stent placement was utilized in 17 per cent of the cases. There were five 
immediate complications that required surgical intervention (5 per cent) and 
one death within 30 days (1 per cent). Cumulative limb salvage, patient survival 
and symptom recurrence rates at | and 4 years were 99, 89 and 39, and 99, 64 
and 41 per cent, respectively, There was a significant difference in symptom 
recurrence between those patients having PTA of the CIA when compared to the 
EIA (12-month symptom recurrence rates, 27 per cent CIA versus 47 per cent 
EIA, P = 0.025). Mode of presentation, run off and presence of diabetes did not 
affect symptom recurrence iP > 0.05). 

Conclusion: Recurrent symptoms are common following PTA of external 
Hac occlusions. These lesicns may be better treated with surgical revascular- 
ization. 


Vascular 19 


Venous claudication in iliefemoral thrombosis: long-term effects on 
venous haemodynamics, clinical status and quality of life 


K.T. Delis, D. Bountourogkeu and A.O. Mansfield 


Department of Vascular Surgery, St Mary's Hospital, Imperial C. ollege, 
London, UK 

Aims: We evaluated long-term impact of iliofemoral thrombosis (IFyyy-7) on 
walking capacity, venous haemodynamics, CEAP class, venous-clinical-sever- 
ity score (VCSS) and quality of life (SF-36), and determined prevalence of 
venous Claudication. 

Methods: All patients with prior IFpvr at our institution since 1990 were 
followed up. Excluded were those with walking impairment due to arterial 
(ABI < 1.0 post-exercise) or unrelated causes, and those thrombectomized or 
thrombolyzed. Thirty-nine patients (22-83 years) were included. Median fol- 
low-up was S years (range: 1-23). Investigation included CEAP and VCSS 
Stratification, air-plethysmography (outflow fraction: OF: venous-filling index: 
VFI, residual-volume fraction: RVF). duplex, treadmill (3.5kmh~', 10 per 
cent) to determine initial (ICD) and absolute (ACD) claudication distances. and 
SF-36 assessment. Non-affected limbs of patients with unilateral IFpyr (37/39) 
comprised the control group: data presented as median and interquartile 
range. 

Results: A total of 75.6 per cent of limbs with IFpyr had superficial and deep 
reflux and 26.3 per cent superficial reflux; reflux in control limbs was 13.5 and 
19 per cent, respectively (P < 0.01); 43.6 per cent (17/39) (95 per cent CI: 27- 
60 per cent) of patients ceveloped venous claudication ipsilateral to IF pyr 
(ICD: 130 (105-268) m), compelling 15.4 per cent (6/39) (95 per cent Cl: 3.5- 
27 per cent) to discontinue treadmill (ACD: 241 (137-298) m). Limbs with prior 
[Fovr had a lower OF (37 (32.2-43) per cent; P < 0.001), abnormally higher 
VFI (3.8 (2.5-5.7)mLs” : P< 0.001) and RVF (45 (32.5—51.5) per cent: 


Patients with IFpyr had impaired physical functioning and role (P < 0.034), 
general health (P< 0.0013, social function (P =0.047) and mental health 


claudication, compelling interruption of walking in 15.4 per cent, prior TFpyr 


caused outflow impairment, and large residual-venous volume and 


reflux, resulting in marked clinical and quality-of-life compromise. Standar- 
dized challenge enabled discrimination of those with clinically relevant 
impairment. 
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Miscellancous 01 


Local or general anaesthetic for open hernia repair ~ a randomized 
trial 


B Page, M G. Serpell, K. Millar,’ D. Young,? P Horgan and PJ O'Dwyer 


University Departments of Surgery and Anaesthesia, Western and Royal 
Infirmary, Glasgow, ‘Department of Psychological Medicine, and 
Robertson Centre for Bostatisncs, Unversity of Glasgow, UK 
Background: Local anaesthetic herma reper is thought to be safer for patients, 
canses less postoperative pain, costs less and is associated with a more rapid 
recovery for patients when compered with the same operation performed under 
general anacsihetc The ann of this study was to compere patient outcome 
followmg local (LA) or general anaesthetic (GA) repeur of a primary groin herma 
Methods: A randomized trial comparing patient outcome following LA or GA 
hernia repair. Outcome parameters measured included tests of vigilance, 
divided attention, sustained attention, memory, cogmitrve function, pain, return 
to normal activity and costs 

Results: Two hundred and seventy-nme patients were randomuzed to LA or GA 
berna repair, 276 of whom had an operation with 138 participants in each 
group At 6, 24 and 72h postoperatively there were no differences in vigilance 
or divided attention between the groups Smmularly, memory-sustained attention 
or cognitive funchon was not impaired in either group Although physical 
actrvity was significantly (P =0 0001) umpaired at 24h, this and retum to usual 
social activities, 10 (7-14) days for LA versus 11 (7-145) days for GA, 
P=0 5841, were similar in both groups While patients in the LA group had 
significantly less pan on moving (P = 0 04) at 6h, they were lees likely 84 per 
cent versus 95 per cent for GA (P = 0 011), to recommend the same operation to 
someone clse General ansesthetic hernia repair cost £30 54 more than the same 
operation under LA. 

Condusions: This study indicates that patient recovery 1s sumilar after LA or 
GA hernia repair 


Miscellancous 02 


Re-opithelialfzation of cutaneous wounds is angmented by hypoxia 
PF Ridgway, P Zipnn, PA. Parnekeva, D H. Peck and A.W. Darn 


Department of Surgical Oncology and Technology, Imperial College 
Faculty of Medicme, 10th Floor QEQM Wing, St. Mary's Hospital, London 
W2 INY 


Background: Human keratnocytes have been shown to demonstrate increased 
motlity in hypoxic wounds correlating with the success of semiocclusive 
hypoxic dressings, although the underlying mechanism remains unknown 
The authors propose that the av subgroup of integrins, suggested to have an 
inherent modulatory function in migration, as well as a regulatory role m matrix 
metalloprotease (MMP) achvation, 1s a key step in re-epithelialrzation of 
hypoxic wounds. 

Methodology: Sub-confluent human keratinocyte cell monolayers were 
exposed to hypoxia for 24h Reoxygenation studies were performed up to 
72h. Control celis were left in normal growth condinons. Celiular av subunit 
and avfé expression was measured by flow cytometry Migration scratch 
astays on fibronectin (avBh6 substrate) posthypoxic exposure were performed 
over 24h. Relatrve MMP-2, 9 secretion were estimated using gelatin zymo- 
graphy Inhibition studies were performed using a specific blocker to avpé 
(MAB10D5) ANOVA and Mann-Whitney U-tests were used as indicated 
Results: Cell viability was not affected up to 72h posthypoxic insult Sustained 
mcreases in av and av66 were demonstrated up to 48 h in reoxygenation studies 
(P <0 001). Standardized scratch assay confirmed increased migration in the 
hypoxic group (P< 0.05). This effect was attenuated by the addition of a 
specific ininbitor to avB6 MMP-2, 9 secretion was up-regulated posthypoxic 
exposure (P < 0001, P<0 05) Increased MMP expression was attenuated by 
addition of an avB6 inhibitor (P < 0.05) 

Conclusions: These results indicate that avB6 and MMP-2,9 up-regulation 
are integral features of increased migraton in hypoxic human 
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keratinocytes thus identifying potential therapeutic targets for those with 
nonhealmg wounds 


Miscellaneous 03 


A morphological study of hyperbidrotic and normal human apocine 
sweat glands 
MT Clunes, R Holdsworth and DL Bovell 


Department of Vascular Surgery, Stirimg Royal Infirmary and Department 
of Phystology, Glasgow Caladonian Univernty 

Background: Studies m hyperhidross have demonstrated that eccrine glands 
express all the signs of chronically achvated normal glands but that the glands 
are otherwise morphologically normal This study 1s the first to compare the 
morphology of normal and hypertudrotic apocrine sweat glands. 
Methods: Apocnns sweat glands were isolated from the axilla of normal 
patients and hyperhidrotc individuals undergomg thoracic sypethectomy 
Glands were wax embedded, sectioned (511m) and digital images analysed 
using analysis digital imaging software. All data are represented as means e. 
from >30 obeervations All tests of significance are Students t-test. 
Results: Hyperhidrotc glands were 30 per cent larger than normal in both 
length and width (length — normal 906 + 71 um versus 1173 + 88 um, P <0 03 
width — normal 613 +55 um versus 811449 pm, P<0 02) The tubule of the 
hypertudrouc glands was significantly thicker (1062426pm versus 
935+49 um; P<0.03), whereas the hyperhidrotic lumen was 40 per cent 
wider than normal (56 6+ 2 7 um versus 40.6+4 4 um, P <0 002) Excessive 
collagen matrix was excluded by measuring tubule area which was 60 per cent 
larger for hyperhidrotic glands compared to normal (257575 + 18338 um? 
versus 162 304 + 12971 um?, P <0 01) indicating that the hyperhidrotic glands 
were more tightly wound than normal 

Conclusions: Apocrine sweat glands are not anatomically different in hyper- 
hidrosiz but are significantly larger, more coiled and have a larger luminal 
diameter The cells also appear degranulated and more squamous suggesting 
increased activity. Hyperhidrosis is associated not only with increased eccrine 
activity bat also affects apocine function 


ET Condon, JH Wang, D.B. O'Malley, JC Coffey, NJ Ahern and 
H P Redmond 


Department of Academic Surgery, Cork University Hospital, Cork, Ireland 
Background: Surgical trauma potentiates tumour growth Endothelial pro- 
genitor cells (EPC), denved from bone-marrow, enhance tumour angiogenesis 
and growth We hypothesized that laparotomy and laparoscopy differentially 
affect the mobilization of EPCs and hence tumour angiogenesis. 

Methods: C57BL/6 mice, bearing Lewis lung (3LL) flank tumours, were 
randomized to laparotomy, laparoscopy (CO, pneumoperitoneum), and anace- 
thetc-only treatment groups (n= 12 per group). Bone marrow EPC were 
detected by flow cytometry using stem cell antigen (SCA-1) at 6, 24 and 
48 h after treatment. Differentiated EPC were identified, at the same ume pomts, 
in splenic homogenates by dual staining for lectin/UEA-1 and acetylated low 
density lipoprotein uptake These findings were correlated with changes in 
tumour volume and microvessel density for each group. In addition, EPC uptake 
in tumours was evaluated using CM-Dil-labeliing This was further correlated 
with tumour growth and angiogenesis 

Results: Laparotomy induced an 11-fold (P=<0.001) increase m bone 
marrow EPC, compared with anaesthetic-only control (table) at 24h Laparo- 
scopy significantly (P = <0 001) attenuated EPC mobilization compared with 
laperotomy This correlated with reduced umour growth and angiogenems. 
Following laparotomy, increased EPC were demonstrated lining tumour 
microvessels, This phenomenon was significantly (P = <0 001) attenuated in 
the laparoscopy group 
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Condustons: Laparotomy is associated with significant mobilization of EPC 


ee ae for perioperative tumour angiogenesis and growth. Laparoscopy attenuates this 


6h 24h 48h effect These findings identify a novel pathway by which open surgery promotes 
ce ee | ë mor ogencsis. 
Laparotomy 234+412.3" 11234721" 162+ 8.6" = 
Laparoscopy 110444.6” 454 +91" 150 + 6.8° 
Control 100+0 100 +0 100+0 


Deta; mean -+ standard error of mean Statistics one-way ANOVA “P< 0.05 
versus control. 
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Inflammatory response following lower limb ischaemia-reperfusion 
injury: role of intestinal mucosal barrier 


W.K. Edrees, I S. Young, KR Gardiner, B Lee, RJ Hannon and C Y Soong 


Vascular Surgery Unit, Belfast City Hospital and Department of Surgery, 
The Queen's Uniwersity of Belfast, Northern Ireland 


Alm: To investigate intestinal mucosal barrier function following isolated lower 
Imb ischaemisreperfusion (VR) injury 

Materlals and methods: Intestinal permeability was assessed by lactulose/ 
mannitol test pre- and postoperatively in three groups of patients group I, 
patents with cntical hmb ischaemma (CLI) undergoing infre-inguinal bypass 
surgery (n= 18), group II, patients with mtermittent claudication undergoing 
infra-inguinal bypass surgery (n= 14); and group UL control, patients with 
symptomatic carotid stenosis undergoing caroud endarterectomy (a= 13) 
Systemic endotoxins were meaured at PO and daily untl day 7. Signs of 
systemic inflammatory response syndrome (SIRS) were also recorded daly 
This study was approved by the local ethical committee 

Results: A significant increase in intestinal permeability was observed in group at 
day 3 (0 04(0 03)) compared to PO (0 01(0.05)), Wilcoxon signed ranks test) This 
was also found to be significant when compared to group II (0.02(0 01), P < 0.05, 
Mann-Whitney U-test), which showed no significant change at any of the time 
pomts Systemic endotoxsemia was not sigmficantly detected in any of the groups 
Postoperatively, 39 per cent of patients developed SIRS in group I, compared to 14 
and 8 per cent in group I and II, respectively (P < 0.05, Chi-square test). 
Condustions: The results confirm that lower limb I/R mjury is associated with 
an increase in mtestinal permeability in CLI only They suggest that the gut may 
play a role in the development of SIRS ın these patents They also suggest that 
the magnitude of I/R ınjury 1s related to the degree of mutial ischaemia 


Vascular 02 

Taurine attenuates intestinal hyperpermeahbility induced by ischaemla/ 
reperfusion 

H Chen, G. Chen, C. Kelly, C. Condron, R Casey and DJ Bouchter-Hayes 
Department of Surgery, RCSI, Beaumont Hospital, Dublin 9, Ireland 
Background: Ischemia/reperfusion (I/R) mediated gut damage 1s an unevitable 
consequence of resuscitation and certain form of aorhic reconstructive surgery The 
resultant increase m gut permeabality has been unphcated ın systemic mflammatory 
response syndrome and multiple organ failure Taurme modulates the pro-mfiam- 
matory effects of I/R and also 1s protector of stressed enterocytes We examined its 
effects ın an experimental model of I/R-ınduced injury. 

Methods: Sprague—Dawley rats were randomized into three groups Control; VR, 
Taurine plas /R Taurine (200 mg kg per day) was given for 5 days before I/R I/R 
was nduced by cross-clamping superior mesenteric and coeliac vascular pedicle 
for 30 mm, followed by 3-h reperfusion The magnitude of intestinal permeability 
of a segment of jenum was determmed by measurement of the rato of plasma to 
lumen expression of the fluorescent dextran (FD4) using luminescence spectro- 
photometer A laser- Doppler monttormeesured the intestinal blood flow, expressed 
as flux Intestinal oedema was determmed by wet . dry ratio of the gut tissue. 
Results: At the end of reperfusion: 


Control UR Tene + YR 
IP (%) 600+123° 37 GO+7 GB 11 40+229* 
Pax (%) 78 &+340° 43244247 69 20 +4 16" 
Wet dry raho 3@6+015 52540% 3650D 


Deta arc meen + SEM Stenstcs anow with Scheffé post hoc test 
“P<001 md “P<005 rrm UR 


IR significantly decreased gut blood flow, mcreased the intestinal permeability, 
and oedema Administration of taunne significantly attenuated these events 

Conduston: These data demonstrated that taurine protected agamnst I/R- 
induced decrease m gut blood flow and mcrease ın mtestnal permeability 
and the mechanism underlying this protection warrants further mvestigaton 
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Vascular 03 


The role of matrix metalloproteinases in the natural history of 
abdominal aneurysms 

M Anderton, V Papavassiliou, PR Bell and M M. Thompson 
Department of Surgery, RKCSB, University of Leicester, LRI, Leicester, UK 
Matrix metalloproteinases (MMPs) play an important part ın the expansion of 
abdominal aortic aneurysms (AAA) It has been suggested that MMPs appear to be 
present in differmg concentrations dumng the progression of aneurysm develop- 
ment. Our aim was to determine the MMP profiles m tssue from aneurysms of 
differing sizes, to define whetherrupture results from gradual widespread increases 
in proteolytic capacity, or 18 confined to a localized area of the sortic wall Samples 
of anterior aortic wall were obtained from 81 patents undergoing elective AAA 
repar (n= 59, median age 72 years, diameter 6cm), or emergency reper of 
ruptured AAA (rAAA) (n=22, age 72) The electrve group was divided by 
aneurysm size mto 2 groups, medium sized (5—6 5 cm, n = 31, age 70) and large 
(>6.5 cm,n= 11, age 73). Pared samples of aortic sac were obtamed from the sac 
and the site of aortic rupture from nine pahents with rAAA (age 70). MMP 1, -2,-3, 
-9, and -13, and TIMPs-1 and -2 were extracted from the tissue specimens and 
quantified usmg ELISA. There were no significant differences in MMP and TIMP 
levels in AAA sac of medium and large sired aneurysms, or ruptured and 
nonruptured AAA sac In paired specimens taken from rAAA, MMP-9 was seven 
times higher at the site of rupture than ın the antenor sac (98.57 ng mg! [IQR 
56 02-134 5] versus 13 89 ng mg! [7 80-46.81], P = 0 012). These data demon- 
strate that MMP profiles vary little with expansion of the aneurysm in medrum- and 
large-sized aneurysms Rupture 1s likely to be a result of localized elevations in 
MMP-9 and this would be an appropriate target for pharmacotherapy 


Vascular 04 

Blochemically observed renal protective effects of methyiprednisolone 
are not detectable by early histopathology, in a porcine model of 
infrarenal aortic ischaemfe-reperfasion 

RC Baker! M A. Armstrong? RC Campbell,! SJ Alen, E McClean,‘ 
DM O'Rourke, AAB Barros D’Sa! and WT McBnde’ 


Departments of Surgery, Immunobiology’ Cluucal Anaesthesia,” 

Clinical Chemistry“ and Pathology,’ Queen’s Unversity of Belfast, 

Belfast, Northern Ireland 

Background: Methylpredmsolone (MP) reduces subclinical biochemical renal 
injury as measured by urinary N-acetyl-beta-D-glucosaminidase/creatinine ratio 
(NAG/creatinine) at porcine vascular surgery. Tubular dilatation is a recognized 
marker of the seventy of acute tubular myury. We hypothesized that MP might, 
in addition to reducing biochemical myury, reduce histological renal injury 1n a 
porcine model of infrarenal aortic ischaemia-reperfusion 

Methods: Forty-two pigs underwent ansesthesia, laparotomy, normodynamic 
fluid resuscitation for 60 oun and then 150 min of infrarenal sortic cross- 
clamping followed by 180 min of reperfusion Pigs were randomized to two 
groups Group C received placebo and group MP received methylprednisolone 
30 mg kg ' Unne was collected for measurement of NAGvcreatinine and the 
left kidney excised, for histological examination, after 180 nunutes of reperfu- 
sion The ratio of total luminal to tubular area (as a marker of tubular injury) was 
calculated for each slide using image analysis software (Adobe Photoshop 5 0) 
Analyus between groups was with Mann-Whitney U Data were expressed in 
median [interquartile range]. 

Results: There were no haemodynamic differences between groups Total 
uninary output was significantly lower in group C as compared to group MP 
Consistent with our previous report, NAG/creatinine was lower in the MP group. 
However, there was no significant difference in renal injury rabos between group C 
(0.237 [0.216—0 265]) as compared to group MP (0 248 [0.229-0 270]) There 
was no correlation between NAG/creanmine and histological findings 
Concdluston: Unnary NAG/creatinine ratios may be a more sensitive indicator 
of possible renal protective effects of MP than early histopathology at vascular 
surgery. 
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Miscellaneous 05 


The effect of cytokine gene polymorphisms on the inflammatory 
response to elective abdominal aortic aneurysm repair 


MLJ. Bown, T. Horsburgh, M.L. Nicholson, P.R.F. Bell and R.D. Sayers 
Department of Surgery, University of Leicester. Leicester. UK 


Background: Many cytokine genes contain polymorphic sites, some of which 
have been shown to affect transcription in vitro. The aim of this study was to 
determine whether cytokine polymorphisms affect circulating levels of cyto- 
kines in vive after abdominal aortic aneurysm (AAA) repair. 

Methods: Seventy-four patients undergoing elective AAA repair had blood 
samples taken at induction of anaesthesia and 24h after surgery. Plasma 
interleukin-6 and tumour necrosis factor-alpha (TNF-7) levels were determined 
by ELISA. Genotypes for the single-nucleotide polymorphisms at the following 
loci were determined using induced heteroduplex genotyping: IL-6-174 and 
TNF-2-308. Patient cytokine genotypes were compared with their baseline 
phenotypes and the change in cytokine levels between induction and 24h 
postoperatively. Cytokine levels are expressed as mean (SEM) or median 
{range}, 

Results: Patients with a IL-6-174 ‘G° allele (56 patients, 77 per cent) had 
higher mean baseline plasma levels of IL-6: 16.06 pg/mL (9.7) versus 0.849 pg/ 
mL (0.85), P = 0.124; and the mean change in plasma IL-6 between induction 
and 24h was also higher for these patients: 370.55 pg/mL (46.87) versus 
290.44 pg/mL (37.11), P= 0.185. Those patients with a TNF-%-308 ‘A’ allele 
(26 patients, 35 per cent) had higher median baseline plasma levels of TNF-a: 
2.49 pg/mL (O-163.5) versus 0.0 pg/mL (0-159.57), P =0.196, and the mean 
change in plasma TNF- between induction and 24h was also higher for these 


Conclusion: Cytokine genotype may affect in vitro cytokine production in the 
resting physiological state and in response to surgical stress, 


Miscellaneous 06 
Delayed graft function after cadaveric kidney transplantation 


W.S.W. Cheng. H. Pleass. M. Akyol, J.L.R. Forsythe, K.K. Madhavan and 
O.J. Garden 


Department of Surgery. Royal Infirmary of Edinburgh, Edinburgh, UK 


Background: Delayed graft function (DGF) commonly occurs after renal 
transplantation and it has been associated with reduced short- and long-term 
graft survival. The aim of this study was to identify the incidence, causes and 
effects of DGF in cadaveric renal transplants within the renal transplantation 
unit of the Royal Infirmary of Edinburgh. 

Methods: A study group of 181 renal transplant recipients transplanted from 
173 cadaveric donors. in the period between January 1994 and December 1999, 
was analysed. Several donor and recipient factors were selected and analysed 
with appropriate statistical tests. A P-value of <0.05 was considered statisti- 
cally significant. 

Results: The incidence of DGF was 41 per cent. Factors significantly related to 
the occurrence of DGF include donor age greater than 40 years old (P = 0.041), 


3 months, 6months and [year after transplantation was 94, 94 and 91 per 
cent, respectively. The graft survival in patient with DGF was approximately 12 
per cent lower for each survival time. In addition. the patient’s l-year survival 
rate was 97 per cent for the immediate function group, and 96 per cent for the 
DGF group. 

Conclusions: DGF has a significant impact on the graft survival. as the 
majority of donor and recipient factors significantly associated with DGF 
are unavoidable. Machine perfusion may play a role in DGF reduction and 
warrants further studies. 
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Miscellaneous 07 

Ischaemia—reperfusion injury, gut macromolecular permeability and 
severe acute pancreatitis 

S.-H. Rahman, A.M. James, B.J. Ammori, M. Larvin and M.J. McMahon 
Academic Unit of Surgery, The General Infirmary. Great George Street, 
Leeds, LS] 3EA 

Background: Splanchnic ischaemia-reperfusion injury (I-R) is postulated 
as a potential cause of altered gut permeability and the subsequent translocation 
of bacteria, associated with a severe attack of acute pancreatitis (AP). The current 
study aims to assess the relationship between gut macromolecular permeability, 
urine intestinal fatty acid binding protein concentration (IFABP-c, a novel marker 
of L-R mediated gut mucosal injury), and severity of attack of AP. 

Methods: Patients with AP were studied within 72 h of pain. Polyethylene glycol 
(PEG) probes (3350 and 400 kDa) were administered enterally, and the percentage 
retrieval ratio after renal excretion was used as a measure of intestinal macro- 
molecular permeability. The collected urine was also used to determine IFABP 
concentration and total IFABP excreted. The magnitude of the systemic inflam- 
matory response was estimated by peak 0-72 h CRP, and severity of attack was 
classified as mild or severe (Atlanta criteria). 

Results: Sixty-one patients with AP (19 severe) and 12 healthy controls were 
studied. Compared with mild attacks, a severe attack was associated with sig- 
nificantly higher PEG excretion ratios (P < 0.001), PEG 3350 per cent-retrieval 
(P< 0.001), urine IFABP-c (median: 85ng mb”! versus 1086 ngmL |, 
P < 0.001), and total IFABP (median: 210 mg versus 1143 mg. P = 0.002), Healthy 
controls had lower urine IFABP-c and total IFABP compared with mild AP 
(P < 0.01). Furthermore, urine [FABP-c correlated significantly with PEG 3350 
per cent-retrieval (r = 0.50, P < 0.001), PEG retrieval ratio (r = 0.3, P = 0.04), and 


Conclusion: lt appears that splanchnic hypoperfusion and ischaemia—reperfu- 
sion injury contribute to the observed increase in intestinal permeability 
associated with severe AP. 


Miscellaneous 08 

Heat shock protein-60 peptide induces interleukin-10 production in 
inflammatory bowel disease: evidence of a self-antigen-specific 
regulatory response 

N.J. Aherne, C. O'Mahony, T. Wu, W.O. Kirwan. E.G. Kavanagh and 

H.P. Redmond 

Department of Surgery, University College Cork, Cork University Hospital 
Background: It has been known for some time that mucosal T-cells specific to 
mycobacterial heat shock proteins (hsp) are induced in inflammatory bowel 
disease (IBD). Hsp-60 peptide therapy has been shown to induce a T helper 2 
cytokine profile characteristic of remission in autoimmune diseases. As human 
hsp60 is highly homologous with mycobacterial hsp60 and is abundantly 
expressed following tissue jury, we hypothesized that self-hsp60 may play 
a role in regulating acute inflammation in IBD. 

Methods: Peripheral blood mononuclear cells (PBMC) were harvested with 
informed consent from | | patients undergoing surgery for acute IBD and compared 
to normal controls. Cells were cultured for 5 days with recombinant human hsp60 
antigen and proliferation was measured by 3H-thymidine incorporation. Cultures 
were restimulated for a further 48 h to amplify a hsp60-specific T-cell population, 
and cytokine production was measured by immunoassay. In addition, mesenteric 
lymph node cells were harvested from five patients and hsp60-specific cytokine 
production was assessed after 3, 5 or 7 days of culture. 

Results: Control PBMC proliferated well in response to hsp60 (142 per cent of 
unstimulated) while IBD PBMC proliferated poorly (99 per cent of unstimu- 
lated). Production of the anb-inflammatory cytokine IL-10, but not TGF-B, was 
increased (3.1(2)ng/mL versus 2.601) control) while pro-inflammatory [FN-y 
teric lymph node IL-10 production was increased at all time points compared to 
IFN-y production. 

Conclusion: Our data provides evidence of a self-antigen-specific immune re- 
sponse which may actin vivogs an anti-inflammatory regulatory mechanism in IBD. 
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Diclofenac reduces the incidence of post-ERCP acute pancreatitie 
CB Ó. Stilleabhéin, CR Carter, C W Imre and W.R. Murray 


Lister Department of Surgery, Glasgow Royal Infirmary, Glasgow, 

Scotland, UK 

Alm: To determine whether diclofenac can reduce the mcidence or severity of 
post-ERCP acute pancreatitis 

Methods: A prospective, blind, randomnzed, controlled tial compenng 
diclofenac with a placebo was condacted To maximuze the incidence of 
pancreatitis, entry into the tnal was restncted to patents who underwent 
retrograde pancreatography or with manometrically verified sphincter of Oddi 
hypertension. After endoscopy, a suppository contaunmg eather 100mg of 
diclofenac or a placebo was administered. Serum amylase and clinical para- 
meters were checked at 2 and 24h The internationally accepted definition of 
actte pancreatitis was observed. 

Conclusion: Two hundred patents entered the mal, 100 recerving rectal 
diclofenac. The two groups were well matched for factors which might increase 
the nak of post-ERP acute pancreatins Twenty-three patients developed acute 
pancreatitis (115 per cent), of whom seven (3.5 per cent) recerved rectal 
diclofenac and 16 (8 per cent) a placebo (P <0 05) Six patents with sphincter 
of Oddi hypertension developed acute pancreatitis, three in each group 
Excluding sphincter of Oddi hypertension patients, the incidences of pancreatitis 
falls to 2 per cent in the diclofenac group and 6.5 per cent in the placebo group 
(P <0 03). Two of 23 patients developed severe pancreatitis. Both of these 
patients were m the control group There was po mortality and all patients were 
discharged home The average mpetient stay for petients who developed acute 
pancreatitis was 3days for the diclofenac group and 5 days for the control 
group. 

Condusion: This trial suggests that rectal diclofenac given immediately after 
ERCP reduces the incidence, hospital stay and severity of pancreatitis in bigher 
risk patients without sphincter of Oddi hypertension. 


Six of the Best, Upper GI 14 


Influence of the type of surgery and surgical complications in the 
ESPAC-1 adjuvant trial 

J P Neoptolemos, DD Stocken, J A. Dunn, J. Buckels, M. Deakin. R Sutton, 
C Imrie, DJ Ker, MW Buchler for the members of Espec 


Department of Surgery, University of Liverpool, CRC Institute for Cancer 
Studies, Unversity of Birmingham, Queen Elizabeth Hosprtal, 

Birmingham, North Staffordshire Hosptial, Stoke-on-Trent, Glasgow Royal 
Infirmary, Glasgow, UK, and University of Berne, Switzerland 

Alms: The ESPAC-1-randomured controlled tnal of 541 patients with pan- 
create ductal adenocarcinoma showed that adjuvant chemotherapy increased 
medan survival compared to no chemotherapy (19.7 months versus 
140 months, P=0 0005), including thoee with R1 resection margins bat 
chemoradiotherapy did not The aim of this study was to determine if post- 
operative complications or the type of surgery affected long-term survrval 
Methods: Analyses of patients on the ESPAC-I database by categoncal, log- 
rank and Cox proportional harards modeling 

Results: Operative details were available on 466 (86 per cent) patients 
Kausch-Whippke (KW) was performed m 241 (52 per cent of total), 
pylorus-preacrving KW (PPKW) in 171 (37 per cent), distal pancreatectomy 
in 35 (7 per cent) and total pancreatectomy in 19 (4 per cent) patients 
Postoperative complications occurred un 125/446 (28 per cent) patients includ- 
ing. fistula = 37, delayed gastric emptying = 24, pulmonary complications = 
14, and bleeding = 11 Survrval analysis showed no significant difference in 
survival (mechan, 95 per cent CI) between those that had complications (17.2, 
14 0-22.2 months) and those that did not (15 7, 13 7-17.4 months; P = 0 073) 
Patients that had a PPKW resecnon had a longer survival (181, 16.5- 
21 7 months) than those that had a KW resection (141, 12 8-16 4 months, 
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P <0 001). Stepwise selection revealed that only three factors were of mde- 
pendent prognostic significance tumour grade (P<0001), nodal status 
(P < 0.001) and tumour size (P=0 013) but not PPE W (P =0 07) 
Condustons: Patients who had comphcations after resection for pancreatic 
cancer still benefited from adjuvant treatment. Moreover, there was no evidence 
from this tna] that the more conservative PPK W resulted m reduced long-term 
survival 
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Early changes in intestinal permeability to macromolecules predict 
outcome in patients with acute pancreatitis: a comparative study with 
C-reactive protein and the APACHE II scoring system 

BJ. Ammon, PC Leeder, RFGJ King, IG. Martm, M Larvin and 
MJ McMahon 


Dinon of Surgery, The Untversty of Leeds, and the Centre for Digestive 
Diseases, The Genaral Infirmary, Leeds, UK 

Aims: The aim of this study was to investigate whether these carly changes in 
intestinal permeability predict outcome of the attack, and to compare that with 
C-reactive protem (CRP) and the APACHE II scoring system. 

Methods: Intestmal permeability to macromolecules (polyethylene glycol 
3350) was determined within 72h of onset of symptoms in 85 patents with 
acute pancreatitis Serum CRP was measured daily, and a peak within 120h was 
identified. APACHE II scores were determined at 24h. Attacks were classified 
as mild (n = 57) or severe (n= 21) according to the Atlanta criteria. 
Results: Patients with severe atincks had significantly greater peak serum CRP 
levels (mechan 260 mgL7! versus 93mg L~', P<0 0001), intestinal perme- 
ability mdex (0 06 versus 0 008; P < 0 0001), and APACHE II scores (10 versus 
5; P < 0.001) compared to mild attacks. The areas under the ROC curve for the 
predichon of severe attacks, the development of sepes, organ failure or death, 
and a prolonged hospital stay were comparable between the three prognostic 
variables 

Concdustons: Early changes in intestinal permeability to macromolecules m 
patents with acute pancreatris are highly predictive of severity and outcome of 
the attacks, and have a predictive power that is comparable to that of the 
APACHE II scoring system and serum CRP. Early therapeahc mterventions 
aimed at restoration of the gut bamier function might have a favourable impact 
on the course of the disease. 
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Chemotherapy and radiotherapy followed by surgical excision 
(CARE): a phase IT trial in the treatment of oesophageal carcinoma 
GWB Clark, H Sue-Ling, D Sebag-Montefiore, I G Marin, M Seymour, 
PJ. Guillou, S P. Dexter, N. Scott, C Verbeke, N Mapetone, P. Chesser and 
AM Crelim 


Departments of Surgery, Oncology and Pathology, The Leeds Teaching 
Hosprtals Trust, Leeds, UK 

Introduction: The benefits of neoadjuvant therapy ın the treatment of patients 
with resectable oesophageal carcinoma are controversial Patents with locally 
advanced carcinomas were entered into a phase H tral of preoperative 
chemotherapy and radiotherapy followed by oesophagectomy 

Methods: Fifty-five patents aged <7O years with T3+N1 oesophageal 
tumours were recruited between February 1998 and July 2001 Patents recerved 
12 weeks of chemotherapy with four cycles of cisplatin 60mgm’ plus 
infusional SFU (300 mgm`?, days 1-42; 225 mg m~?, days 43-75) Radio- 
therapy 45Gy was admmstered on days 43-75 Two stage en-bloc oesopha- 
gectomy with two field lymphadenectomy was undertaken 6weeks after 
neoadjuvant therapy 

Results: Forty-one patiente (74 per cent) completed the treatment Two 
patients (36 per cent) died during neoadjuvant therapy (SVC obstruction, 
perforated diverticular disease), while four withdrew due to toxicity In 
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eight patients (14.5 per cent), the tumour progressed on therapy, Overall 
mortality was 5/55 (9.1 per cent) with a postoperative mortality of 3/41 (7.3 
per cent). Significant postoperative morbidity was observed in 19/41 (46.3 
per cent). The tumour was downstaged in 34/41 (83 per cent) with a patho- 
logical complete response in 26.8 per cent. Median lymph node yield was 18, 
there was no proximal or distal margin involvement and a positive circumfer- 
ential margin in 25 per cent. Median survival on an intention to treat basis was 
26 months, and it was 38 months in the patients who underwent surgical 
resection. 

Conclusions: Preoperative neoadjuvant therapy followed by en-bloc oeso- 
phagectomy can be undertaken with acceptable levels of morbidity and 
mortality. The survival data appears promising and this study should act as 
a platform for the initiation of a phase HI multicentre trial. 
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Initial results of a randomized trial of laparoscopic total (NISSEN) 
versus posterior partial (TOUPET) fundoplication for gastro- 
oesophageal reflux disease 


M. Booth, J. Stratford, L. Jones and T. Dehn 


Departments of Surgery and GI Physiology, Royal Berkshire Hospital, 
Reading, UK 


Aims: To prospectively compare a total and a posterior partial laparoscopic 
fundoplication in the control of symptomatic gastro-oesophageal reflux disease. 
Patients and methods: A total of 127 patients randomized to laparoscopic 
360° (Nissen) (n = 64) or 270° (Toupet} {n = 63) fundoplication. Symptomatic 
assessment at 6 weeks, 6months and ! year. Postoperative 24-h pH studies 
performed at 6 months. 

Results: No significant differences were seen in heartburn, regurgitation, 
dysphagia, epigastric pain, postprandial fullness, gas-bloat, inability to burp, 
increased flatus, diarrhoea or abdominal pain at 6 weeks, 6 months and I year 
postoperatively. Chest pain on eating was more common at | year in the 360° 
group (P = 0.03). There were seven failures on postoperative pH criteria, two in 
the 360 group and five in the 270 group. 

Conclusions: Any differences in the symptomatic outcome of laparoscopic 
total and posterior partial fundoplication are minimal. A 360° fundoplication is 


less likely to fail to control gastro-oesophageal reflux on postoperative pH 
criteria. 
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Laparoscopic adrenalectomy: a prospective evaluation of 151 
procedures 


C.J. O'Boyle,” PC. Sedmas, C.R. Kapadia, | W.A. Brough? and 
C.M.S. Royston 


Departments of Upper Gastrointestinal and Minimally Invasive Surgery, 
i E T 2 s Š , ; 
‘Airedale General Hospitai Keighley and °Macclesfield General Hospital. 

Macclesfield and Hull Rosal Infirmary, Hull, UK 


Aims: To report our experrence with laparoscopic transperitoneal adrenalect- 
omy. 

Methods: From November 1993 to August 2000, 151 laparoscopic adrena- 
lectomies were attempted in 132 patients who presented with symptomatic 
adrenal masses or who hac an incidental large mass diagnosed during inves- 
tigations for other complaints. All perioperative and follow-up data was 
prospectively recorded on a dedicated unit database. 

Results: The median age was 52 years (18-77 years). Seventy-six per cent were 
female. Lesions were left-sided in 48 per cent of patients and bilateral in 14 per 
cent. Indications for resection were: Conn’s syndrome (54), phaeochromo- 
cytoma (27), Cushings disease (13), nonfunctioning adenoma (14), congenital 
adrenal hyperplasia (2), cortisol-producing adenoma (5), combined Cushings 
and Conn’s syndrome (1), primary or metastatic carcinoma (7), benign cyst/ 
lipoma (8), and no lesion (1). Median size of the lesions was 3.0cm (0,5— 
20cm). Median operating time was 65 min (30-170 min). Conversion to an 
open procedure was necessary in 10 patients (8 per cent). Minor morbidity 
occurred in nine patients (7 per cent). Major morbidity occurred in two patients 
(pancreatitis, peritonitis). Median hospital stay was 3days (1~16days). At 
median follow up of 28 months (1-94 months), five patients (4 per cent) had 
persistent hypertension. Ne patient had evidence of recurrent hormonal excess. 
Conclusions: Laparoscopic removal of the adrenal gland should be considered 
the surgical procedure of choice in experienced centres. It requires a high degree 
of technical expertise and should remain within the remit of the advanced 
laparoscopic surgeon. 
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Moymhan 01 
The sentinel node concept in the metastatic dissemination of 
oesophageal adenocarcinoma 


PJ. Lamb, SM Dresner, J. Licyd, K O’Dnacoll, A.D Burt, D Karat, 
N Hayes and S M. Griffin 


Northern Oesophago-Gastric Cancer Unit, Royal Victoria Infirmary, 
Newcastle upon Tyne, UK 


Alms: The sentinel node concept states that the first lymph node on a direct 
pathway from a tumour will be the first site of lymphatic spread The aum of this 
study was to determine the feasibility and accuracy of sentinel node biopsy far 
oesophageal adenocarcinoma 

Methods: Fifty-seven patients (median age’ 62 years; M : F=4. 1) with adeno- 
carcinoma of the lower oesophagus (n = 40) or cardia (n = 17) underwent endo- 
scopic pentumoural injection of Tc-nanocolloid pror to en-bloc resection with 
extended lymphadenectomy. Sentmel lymph nodes (SLNs) were identified intrao- 
peratively usmg a Navigator ™ gamma probe and the pattern of radioactive uptake 
was quantified postoperatively All 1667 resected lymph nodes were examined for 
micrometasiases umg imumoohistochemsstry 

Results: SLNs were identified for all 57 patents (median 2, range 1—4) and 
were most frequently lower peraocsophageal (n=31) or left gastric nodes 
(n= 28) They contained metastases (a = 32) or micrometastases (n = 3) in 35 
of 37 node-positive cases and were more likely to contain tumour than other 
lymph nodes (P <0 0001). SLN biopsy had an overall accuracy of 96 per cent 
(55/57) and a false-negative rate of 5 per cent (2/37) Tumour-infiltated nodal 
stahons received a higher proportion of radioactrve uptake (P < 0 0001) Lower 
oesophageal tumours had a greater proportion of SLNs (P = 0 018), racioactive 
uptake (P <0 0001) and malignant nodes (P=0 004) m the mediastinum 
compered to cardia tumours. 

Concdusions: The sentinel node concept ıs applacable for oesophageal adeno- 
carcinoma an! could be used to talor the extent of lymphadenectomy There 1s a 
close relstionsinp between patterns of radioactrve uptake and lymphatic tumour 
dissemmmation, which differ for lower oesophageal and cardia tumours. 


Moynihan 02 

Cavity biopsies increase the detection of residual disease following 
conservative surgery for breast cancer 

O. Faiz, K Thakur, S. Bendall, R Bell and T Bates 

Wiliam Harvey Hospital, Ashford, Kent TN24 OLZ, UK 

Alms: To examine the correlation between margin and cavity biopsy status 
followmg conservative surgery for invasive breast cancer. Does cavity biopsy 
increase the detechon of residual disease? 

Methods: In 510 patients who had conservative surgery formvastve breast cancer, 
four quadrant bopaes of the reexdual cavity were compared with the margin. Where 
repeat excision was performed, the presence of reaxdual disease was recorded 
Results: The margins were positive ın 102 cases and the cavity in 112, but the 
concordance was only 57/157 cases (36 per cent) Simultaneously, clear 
margins and cavities were found m 353 cases (69 per cent) 


Margin (+-ve) Margin Cavity 
and cavity (+ve) (-+-ve) (+ve) 
Ductal 34 38 48 
Residual disease 14/22 (¥10 44722 
On re-@xci00 
Lobular 23 7 7 
Residual disease 10/20 i/i 2/4 


Cavity biopsy was the sole evidence of incomplete resection in 40 per 
cent of ductal and 19 per cent of lobular cancers Evidence of residual disease 
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after re-excimon was found in 33 per cent of ductal and 52 per cent of lobular 
cancers 

Conclusion: There is poor cocrelation between margin status and cavity 
biopsy Biopsy of the residual cavity after conservative surgery for breast 
cancer increases the detection of residual disease by 35 per cent 


Moynihan 03 


Prospective randomized controlled trial of laparoscopic versus open 
Inguinal hernia mesh repair: 5-year follow-up 

M. Douek, G Smith, A Oshowo, D L. Stoker and JM Wellwood 

Whipps Cross and North Middlesex University Hospitals, London, UK 
Alms: Laparoscopic bernia repair induces less pem and enables a quick return 
to normal actrvity, but no mformation 18 available on long-term benefits and 
complicatons. In this prospective randomized controlled tral, laparoscopic 
mesh hemia repair was compered with open-mesh bernia repair at 5 years’ 
follow-up. 

Methods: Patents who were randomized to eather transabdommal preper- 
itoneal laparoscopic (TAPP) repar under general anaesthetic or tension-free 
open-meash hemioplasty (OPEN) under local anaesthetic were recalled after a 
minimum of 5 years’ follow-up Patents were required to complete a validated 
quesioonmre, which included questions on the presence of groin pain, numb- 
neas, testicular pein, recurrence or any directly related hospital admussion An 
objective clinical assessment of all patents was then undertaken by one of three 
independent assessors 

Results: A total of 241 patients were reviewed (119 OPEN; 122 TAPP) Mean 
patent follow-up was 58 years Paraestbesia was more frequently observed 
with OPEN than with TAPP (30 per cent versus 2 per cent; P <0 001). Groin 
pain was present in 13 per cent of the patents in the OPEN group and 8 per cent 
of patients m the TAPP group. Severe pain (pain analogue scores over 50 per 
cent) was observed in only two patents, both of whom underwent OPEN repair 
No statisically significant difference between TAPP and OPEN repans was 
observed im the meidence of testicular pain (2 per cent versus 2 per cent), 
recurrence (0 per cent versus 2 per cent) and contralateral hernia (5 per cent 
versus | per cent). 

Condustons: Open and laparoscopic mesh hernia repairs are both associated 
with good long-term results Laperoscopic hernia repair has significant long- 
term clinical advantages. 


CE McNaught, J MacFie, T Symes, R. Sowdi and CJ Mitchell 


Combined Gastroenterology Unut, Scarborough Hospital, Woodlands 
Drive, Scarborough YOI2 6QL, UK 


Alms: To untvestigate the effects of a multimodal rebabilitanon peckage on 
physical, psychological and clinical outcome in patients after bowel resection 
compered with a traditional postoperative regimen. 

Methods: Patients requiring elective right and left hemicolectomy were 
randonuzed to receive the ‘optummzation package’ (see Tabie) or the standard 
hospital pre- and postoperative regimen 


Preoperative Intraoperative Postoperative 

Wntten and oral High inspired oxygen Epdural analgesia 
mformaton (80%) 

Preoperatrve assessment Combined epidoral/GA Early oral nutrition 
Probiotics Transverse incusion Enforced mobilization 
Carbobydrate loading Early discharge 

No bowel preparation 
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Outcome measures of physical function were recorded preoperatively and on 
days 1, 7 and 30. 

Results: Twenty-three patients were randomized, 13 to optimization with 10 
controls. The groups were similar in terms of age (62 years versus 69 years), sex 
(M:F = 5:8 versus MF = 3:7), POSSUM scores (25 versus 26) and ASA 
grades. Grip strength was significantly maintained at 24h in the optimization 
group (P = 0.03). The time to resume a normal hospital diet was decreased 
(48h versus 74h, P< 0.001). Pain and fatigue scores were significantly 
reduced in the optimization group on days | and 7 (P < 0.05). Cardiopulmo- 
nary complications were lower in the optimization group (1/13 (8 per cent) 
versus 4/10 (40 per cent), P = 0.17). Median length of hospital stay was 3 days 
(2-7) in the optimization group compared to 7 days (3-10) m controls 
(P = 0.001). 

Conclusion: Optimization of surgical care significantly improves patient's 
physical and psychological function in the early postoperative period and 
facilitates early hospttal discharge. 


Moynihan 05 


Clopidogrel reduces thromboembelism after carotid endarterectomy: 
a randomized trial 


D.A. Payne,’ PD. Hayes,’ C.I Jones,” A.H. Goodall,” M.T. Thompson,’ 
N.J. London,' P.R.F. Bell! and A.R. Naylor’ 


i f aden eaa o f f . 
The Departments of ‘Surgery and “Clinical Biochemistry, University of 
Leicester, UK 


Aims: Postoperative thromboembolic stroke affects 2-3 per cent of patients 
undergoing carotid endarterectomy (CEA) and is preceded by 1~2h of increas- 
ing embolization. The hypothesis underlying the current study was that pre- 
operative administration of a platelet ADP antagonist (clopidogrel) would 
reduce embolization and was based on previous studies showing that the 
platelets of patients with the highest rates of postoperative embolization had 
increased platelet reactivity to ADP. 

Methods: Total 100 CEA patients on routine aspirin therapy (75 mg) with an 
accessible TCD window were randomized to 75mg clopidogrel (n = 47) or 


cytometry. The number of emboli detected by transcranial Doppler within 3 h of 
CEA was independently quantified. Time taken from restoration of flow to skin 
closure was used as an indirect measure of the time to secure haemostasis. 
Results: Clopidogrel significantly reduced platelet activation in response to 
ADP (P < 0.05) whilst conferring a fourfold reduction in the number of patients 
with > 10 emboli in the postoperative period (OR 4.4, 95 per cent CE 1.4-14.4; 
P< 0.008). However, the time from flow restoration to skin closure was 
>40 min in 30 per cent of clopidogrel patients compared with 8 per cent of 
comtrals (P < 0.004). 

Conclusions: This is the first study to show that a CEA patient’s postoperative 
thromboembolic potential can be significantly reduced by preoperative phar- 
macotherapy. It remains to be seen whether a lower dose of clopidogrel will 
confer a similar reduction in embolization whilst reducing the time to achieve 
haemostasis. 


Moynihan 06 
Gastro-oesophageal cancer and the 2-week wait: do the protocols work? 
P. Jethwa, A. Keogh. I. Young,’ L. Stezhka,! M. Hallissey and J. Fielding 


Department of Surgery, University Hospital Birmingham, Queen Elizabeth 
and ‘Wolfson Computer Laboratory, University of Birmingham 


Aims: To establish the validity of national referral criteria (DOH guidelines) for 
gastro-oesophageal cancer and adherence to these criteria by primary health- 
care physicians. 
Methods: A prospective audit of the outcome of referrals made to our centre 
as performed. A standard referral form was provided to local general 
practitioners that records criteria for direct assess endoscopic referral and 
allows classification as urgent or nonurgent. Our unit uses a computer algorithm 
to reclassify priority using the criteria supplied on the referral form. All referrals 
categorized as urgent by their general practitioners were given an appointment 
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within 2 weeks, General practitioners’ classification was compared with that of 
the computer algorithm. 

Results: During the 10-month period of our audit, 1169 upper GI endoscopies 
were performed following open access referral. 





GP/DOH Total in No. new Incidence 
guidelines group cancer cases (%) 
Nonurgent/nonurgent 253 l 0.4 
Nonurgent/urgent 625 17 ut 
Urgent/nonurgent 62 3 4.8 
Urgent/urgent 229 2] 9.2 
Total 1169 42 3.6 





Of the referrals received by our unit's primary healthcare physicians incorrectly 
coded 58.7 per cent of cases. Prioritization using the guidelines algorithm 
identified 38 of 42 cancers during this period, Data entry errors resulted in two 
of the three malignancies identified in the urgent/nonurgent group being 
incorrectly classified. Correct input would have increased pick up in the 
urgent/urgent group from 9.2 to 10 per cent. 

Conclusions: Despite initial scepticism, adherence to the national criteria 
for urgent endoscopic referral is associated with a high incidence of diagnosis 
of malignancy. This study highlights the benefit to the patient of correct 
classification. 


Moynihan 07 

Short-course preoperative radiotherapy is associated with increased 
severity of faecal incontinence after anterior resection of the rectum 
F.K.S. Welsh. M. MacFall, G. Mitchell, W.F.A. Miles and W.G.A. Woods 


ce og 


Northing Hospital, Worthing, West Sussex, UK 






Colorectal Surgical Unit, 


Aims: To determine the contribution of total mesorectal excision (TME), short- 
course preoperative radiotherapy (SCRT). anastomotic level and other putative 
contributory factors to the incidence of faecal incontinence after anterior 
resection of the rectum. 

Methods: Survivors of anterior resection performed between February 1996 
and February 2001, with a functioning anorectal anastomosis, were asked to 
complete a telephone questionnaire regarding their current bowel habit. Faecal 
incontinence was scored using the St Mark’s incontinence score. 

Results: The median age of 124 patients who completed the questionnaire was 
76 years. A total of 104 patients had neoplastic disease. Sixty-six patients (53 
per cent) exhibited some degree of incontinence, median St Marks’ score 6 and 
interquartile range of 3-10. There was a significant association between 
anastomotic level, and the St Mark’s score (P < 0.0001, linear regression). 
The table shows the effect of gender, SCRT and anastomotic leak on incon- 
tinence scores. 


Median St Mark’s score 
(interquartile range) Significance (P)* 
Male (n= 55) 3 (0-9) 0.047 


Female (n = 69) 0 (0-5) 
SCRT {n = 50) 4 (0-10) 0.0014 
No SCRT (n = 74) Q (0-4) 
Anastomosis 
Leak {n = 8) 8 (3-15) 0.038 
No leak (7 = 116) 1 (0-6) 





“Mann-Whitney U-test. 
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Age, splenic flexure mobilizanon, TME, anastomotic configuration, or use of a 
temporary stoma had no detectable independent effect on incontinence scores. 
Conduslons: Poor functional outcome following antenor resection was 
associated with a low anastomosis or an anastomotic leak. The finding that 
SCRT was an independent predictor of postoperatrve incontinence, regardless of 
anastomotic level, has not previously been reported, highlighting the need for 
stringent patient selection for this treatment modality 


Moynihan 08 
CT colonography for the detection of colorectal disease 
V Mumknshoan, AR Gillams, WR. Lees and PB Boulos 


Department of Surgery and Academic Imaging, Royal Free and Untwermty 
College Medical School, Landon, UK 

Introduction: CT colonography (CTC) 1s the new noninvasive test for the 
investigation of colonic disease. Introduction of multushce CT technology has 
resulted in mecreased spatial, temporal resolution with improved 3D virtual 
images and provides a 1 25-mm Z-plane resolution of the entire colon rm a single 
breath-hold, The aim of the study was to compare mulislice CTC (MCTC) to 
colonoscopy in the detection of colorectal disease. 
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Methods: One hundred and four patients, 57 males, median age 69 years 
(29-83) with symptoms of colorectal disease were studied prospectively All 
patients underwent MCTC and colonoscopy Routine CT evaluation used real- 
tme muluplanar reformatting with virtual flythroughs performed only m 
problem cases 

Results: In 31 patients, colonoscopy and MCTC were normal. Colonoscopy 
identified 42 colorectal cancers, 45 polyps, 22 patients with diverticnlosis 
MCTC identfied 41 colorectal cancers and missed one cancer in a 
diverticular stncture (sensitivity 98 per cent; specificity: 100 per cent), all 
12 polyps measuring >10 mm in diameter (sensitivity 100 per cent), 6 of the 7 
measuring 6-9mm (sensitivity: 86 per cent) and 9 of the 26 polyps which 
measured § mm (sensitivity 45 per cent) Colonoscopy was false positive for 
ux polyps MCTC was false pomtve for two polyps and detected a 15-mm 
polyp mussed at colonoscopy. MCTC identified 14 of the 22 patents with 
civerticulosss. 

Conclusions: The results show that MCTC and colonoscopy are comperable in 
the detection of colorectal cancers and polyps (>5 mm). Polyp detection using 
multislice CTC has improved when compered to best published results using 
spiral CT (polyps >10 mm: 100 per cent versus 91 per cent, 6-9 mm 86 per 
cent versus 82 per cent). 


39 


SARS: Vascular and Biology 01-05 


SARS: Vascular and Biology 01-05 


Thursday, 23 May 09.00-10.15 





Vascular and Biology 0! 


Endothelin-1 promotes angiogenesis in human microvascular 
endothelial cells acting in synergy with VEGF and via the ET(B) 
receptor 


M. Griffiths, R. Stratton, M. Dashwood, J. Tsui, D. Abraham, C. Black and 
D. Baker 

Academic Department af Surgery & Rheumatology Research Unit, Royal 
Free Hospital, London NW3 20G 


Background: Endothelin-] (ET-1) is a 2} amino acid peptide with vasocon- 
strictor and mitogenic properties, We observed that ET-1 is expressed around 
areas of angiogenesis in ischaemic skeletal muscle, and sought to determine 
whether ET-1 provides an angiogenic stimulus to human microvascular cells. 
Methods: Human dermal microvascular cells (HMEC-1) were grown on 
growth factor reduced Matrigel, with or without ET-1 at various concentrations. 
Synergy with the angiogenic factor vascular endothelial growth factor (VEGF) 
was sought by co-adding ET-1 with VEGF. In addition, we measured the effects 
of selective inhibitors of the ET-] receptor. Angiogenesis was measured after 
24-h treatment by visual analysis of microvessel growth and by scanning the 
mean optical density of images of the angiogenic field. 

Results: ET-1 enhanced angiogenesis in the presence of VEGF (P < 0.02). The 
ET(B) receptor antagonist BQ788 suppressed angiogenesis below basal levels 
(P < 0.04), whereas the ET(A) receptor antagonist had no effect. Microvascular 
cells were found to release ET-1 when grown on Matrigel, with enhancement 
following treatment with VEGF. 

Conclusions: These data suggest that in human microvascular cells, ET-1 is an 
important autocrine growth factor, acting downstream and in concert with 
VEGF to stimulate angiogenesis. We suggest that the mitogenic properties of 
ET-| are ET(B) mediated. unlike the effects on vascular tone, which are ET(A) 
mediated. The separation of these effects might provide benefit to patients with 
peripheral vascular disease, where selective ET(A) receptor antagonists 
could promote vasodilatation whilst preserving the ET(B) mediated angiogenic 
effects. 


Vascular and Biology 02 


Heparin blocks stromal derived factor-1 induced migration via CXCR4 
in breast cancer cells 


M.H. Dowsland, S.A. Ah, J.A. Kirby and T.W.J. Lennard 
Department of Surgery, Newcastle University, Newcastle upon Tyne, UK 


Background: The chemokine receptor CXCR4 is linked to chemokine- 
mediated metastasis in breast cancer. The breast cancer microenvironment is 
rich in cytokines, known to have a regulatory effect on CXCR4. We examined 
the inflammatory cytokine regulation of CXCR4 surface expression and its 
effect on migration in MCF-7 and MDA MB231 cells. As heparin competitively 
antagonizes chemokines we evaluated its potential to block migration of these 
cell lines towards the chemokine SDF-1. 

Methods: Expression of CXCR4 was analysed by flow cytometry (R & D Mab 
172) before and after stimulation with TNF-x or IFN-7. The effects of TNF-» 
and heparin on migration were examined by chemotaxis assays. 

Results: TNF-x significantly reduced CXCR4 expression in both cell lines 
after 24 h (MCF-7: 83 per cent”; MDA MB231: 89 per cent’). In MCF-7 cells 
IFN-y reduced expression (97 per cent") by 24h; a bi-phasic response was 
observed for MDA MB 231 cells, with a maximal reduction occurring after 16h 
(83 per cent’), returning to unstimulated levels by 24h. The reduction in 
CACR4 expression by TNF-a was consistent with reduced migration towards 
SDF-1 (MCF-7 by 80 per cent", MDA MB231 by 94 per cent’). Heparin also 
inhibited chemotaxis of MCP-7 (at 250ugmL '*) and MDA MB231 (at 
Conclusions: Reguiation of the CXCR4 by proinflammatory cytokines alters 
the ability of breast cancer cells to migrate towards SDF-1. Heparin signifi- 
cantly reduces SDF-1 induced breast cancer cell migration, suggesting a 
potential therapeutic action in patients with breast cancer. 
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Statistics: Student’s one-tailed ttest. CP < 0.05) (TNF-a: tumour necrosis 
factor alpha, IFN-y: interferon gamma, SDF-1: stromal derived factor-}) 
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Quantitative PCR analysis of hepatocyte growth factor (HGF), its 
receptor (c-Met) and HGF inhibitors in breast cancer 


C. Parr, G.H. Cunnick. R.E. Manse! and W.G. Jiang 
Department of Surgery, University of Wales College of Medicine, Cardiff, UK 


Background: Hepatocyte growth factor (HGF) elicits a number of functions 
that are tumourigenic and known to enhance the metastatic potential of tumour 
cells. HGF is produced as pro-HGF and requires proteolytic activation, by HGF 
activator, to evoke a biological response. The HGF inhibitors, HAI- I and HATI- 
2. suppress the conversion of pro-HGF, through their interaction with HGF 
activator. This study quantitated the expression of HGF, its receptor and its 
inhibitors in breast cancer. 


background normal tissues. RNA was extracted from these tissues, and HGF, 
c-Met, HAI-{ and HAI-2 expression was quantified using a real-time guanti- 
tative PCR (RTQ-PCR) techniques. 

Results: Levels of HGF and its receptor were found to be significantly higher in 
breast cancer than normal background tissues. The level of HAI-I and 2 was 
also seen to be higher in tumour tissues. The mean results (copy number mL ~') 
are given in the Table below: 





Gene of interest Background tissue Cancer tissue P-value 

HGF 3.2 48.8 P<0.01 
c-Met 9333.4 1AA wie P< 0.05 
HAI-1 450.3 960.2 P< 0.05 
HAI-2 114.7 438.7 P< O60] 





In addition, patients with progressive diseases had a higher level of HGF (62.7 
copies mL.” '), than those with stable disease (43.8 copies mL” '), over a 5-year 
follow-up period. Furthermore, tumour tissues from node-positive patients 
expressed lower HAI-2 levels (341.3 copiesmL”'), than the node-negative 
breast cancer tissues (1021.5 copies mL” '). 

Conclusions: This study has shown that the quantity of HGF, c-Met, HALI 
and HAI-2 expressed in breast cancer tissues was significantly higher than that 
of background breast samples, and that the level of HGF is associated with 
progressive disease. 


Vascular and Biology 04 


Stabilization of breast cancer microvessels ~ A mechanism for tumour 
inhibition induced by angiopoietin-1 


A.J, Hayes, S. Tian, L.J. Metheny-Barlow and LLY. Li 


Depariment of Oncology, Georgetown University Medical Center, 
3970 Reservoir Road, NW, Washington, DC 20007, USA 


Background: Angiopoietin-i (Ang-1) functions physiologically to promote 
angiogenesis by inducing vascular branching and smooth muscle recruitment. 
However, we have previously reported to this Society that in an experimental 
breast cancer model, over-expression of Ang-1 led to tumour inhibition and that 
expression of Ang-1 in clinical breast cancer specimens was infrequent. We 
how report a morphological analysis of the tumour microvessels in this model in 
an attempt to ascertain a mechanism for tumour inhibition. 

Methods: Ang-! over-expressing and vector-transfected xenograft tumours 
used in previous tumourigenicity assays were fixed routinely and sectioned. 
Endothelial cells and smooth muscle cells were immuno-stained with mono- 
clonal antibodies to CD-31 and smooth muscle actin, visualized with confocal 
fluorescence microscopy and quantitated with image analysis. Tumours were 
also immuno-stained for markers of proliferation and apoptosis. 
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Results: Ang-| expressing tumours displayed striking differences in 
microvascular morphology at the leading edge of the tumour when 
compared with controls. Although the number of microvessels was not 
altered, the peripheral vessels in the Ang-l tumours were much less 
ectatic than the dilated immature tumour vessels seen in controls. They were 
surrounded by a closely adherent continuous layer of smooth muscle cells, 
absent in controls. In these vessels the ratio of smooth muscle cells to 
endothelial cells was increased threefold (P < 0.01) and luminal diameter 
decreased twofold (P < 0.05) compared with controls. The rates of tumour 
cell proliferation and apoptosis were decreased twofold (P < 0.001) compared 
with controls. 

Conclusions: Ang-1 over-expression induced stabilization of microvessels at 
the tumour periphery, which resulted in a decreased rate of tumour growth. 
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17-B-Oestradiol decreases the expression of occludin and 
transendothelial resistance (TER) and increase paracellular 
permeability in human vascular endothelial cells 


L. Yea, T.A. Martin, R.E. Mansel and W.G. Jiang 


Metastasis. Research Group, University Department of Surgery, University 
of Wales College of Medicine, Cardiff CF 14 4XN, UK 


Background: Tight junctions govern the permeability of endothelial and 
epithelial cells. Changes in tight junction function are thus an early and key 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


ASGBI: Clinical Practice 01-08 


event in cancer metastasis and tissue permeability. This study sought to 
determine the role of oestrogen in the regulation of tight junctions and 
expression of occludin in endothelial cells. 

Methods: Human vascular endothelial cell line was ineubated with 17-f- 
oestradiol at different concentrations (from 107'' M to 1077 M) over 1-24 h. 
Expression of occludin mRNA was determined using RT-PCR, and change of 
occludin protein using Western blotting. Transendothelial resistance (TER) was 
measured with an EVOM, and transendothelial cell permeability was deter- 
mined using fluorescence labelled dextran (FITC-dextran 10) with a multi- 
channel fluorescence reader. 

Results: 17-B-oestradiol reduced the expression of occludin mRNA in a time 
and concentration dependent manner with an obvious effect starting from 4 h. 
Reduced level of occludin protein was similarly seen after treatment with 17-B- 
oestradiol. Incubation of HECV with 17-B-oestradiol resulted in an increase in 
paracellular permeability by 9.9+ 8.9 per cent at 10°'? mM (P > 0.05 versus 
control), 42.1 +15.2 per cent at 10°? M (P < 0.05 versus control), and 
40.1 + 22.4 per cent at 1078 M (P < 0.05, versus control). A decrease in the 
transendothelial cell resistance (TER) was seen with oestradiol (a reduction by 
18.6 + 16.6 per cent (P > 0.05 versus control), 31.5 + 10.6 per cent (P < 0.01), 
or 44.4 +18.4 per cent (P< 0.01), at concentration 10°, 107°, 107° M, 
respectively, 

Conclusions: This study shows a perturbation of tight junction functions in 
endothelial cells by oestrogen, which may have implications in the aetiology of 
mastalgia and vascular spread of breast cancer. 
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Nuclear factor-xB activation in Barrett’s oesophagus: a marker of 
disease progression? 


I.M.W. O'Riordan, M. Abdel-Latif, D. McNamara.! N. Ravi, D. Kelleher,’ 
P.W.N. Keeling! and J.V. Reynolds 


k 3 PETA A tag ES R 
University Departments of Clinical Surgery and Medicine’, St James 
Hospital, Dublin 8, Ireland 


Aims: A molecular understanding of Barrett's tumourigenesis may impact on 
treatment, tumour prevention and surveillance policies. Nuclear factor-KB 
regulates several cellular genes that participate in the inflammatory and immune 
responses, and this study examined NF-«B in the spectrum of Barrett's disease. 
Methods: Fifty-one patients were studied, 26 with Barrett’s oesophagus and 
35 with Barrett's associated adenocarcinoma. Electromobility shift assay 
measured NF-KB expression in nuclear extracts of fresh Ussue tumour 
samples and Barrett's biopsies. Only patients with macroscopic evidence 
of Barrett's greater than 3cm were included. All Barrett’s patients had 
samples of non-Barrett’s oesophagus analysed as controls and completed a 
detailed reflux questionnaire. Correlation was also made with DeMeester 
scores, 

Results: Increased NF-«B activity was observed in 16/26 (61.5 per cent) 
patients in Barrett's epithelium compared with samples of squamous epithelium 
above the Barrett's segment. All Barrett's patients with dysplasia (N = 5) 
showed significantly increased NF-«B expression. The expression of NF-KB 
did not correlate with symptomatology. length of Barrett's, DeMeester scores 
or use Of proton pump inhibitors. Twenty-eight of 35 (80 per cent) patients with 
oesophageal adenocarcinoma showed highly elevated NF-KB expression, and 
this correlated with late stage of disease in these patients. NF-KB was 
significantly decreased in response to neoadjuvant chemotherapy and radiation 
therapy. 

Conclusions: These data show for the first time that patients with 
Barrett's oesophagus have progressive increase of NF-KB expression 
from metaplasia through dysplasia and adenocarcinoma. NF-«B is a central 
regulator of inflammation and tumourigenesis, and further understand- 
ing of factors regulating NF-xB activation may offer prospects for novel 
anti-inflammatory and antitumour therapies in patients with Barrett's 
oesophagus. 


Upper GI 02 


Down-regulation of hepatic function, the acute phase response and 
severe gallstone pancreatitis 


S.H. Rahman, M. Larvin and M.J. McMahon 


Academic Unit of Surgery, The General infirmary, Great George Street, 


Leeds LS] 3EA 


Background: Impairment in hepatocellular function may contribute to the 
inability to replenish cellular glutathione, the depletion of which has been 
demonstrated to increase susceptibility to inflammatory stress. We sought to 
determine if severe acute pancreatitis (AP) is associated with down-regulation 
of glutathione metabolism by observing the profile of ALT (transulfuraticn 
pathway) and y-glutamy! transpeptidase in patients with AP of biliary origin. 
Methods: Venous blood samples taken at 24, 48, and 72h from the onset of 
pain were analysed for ALT, y-GT, alkaline phosphatase (ALP), and bilirubin. 
and correlated with (1) clinical severity (Atlanta criteria), and (2) the positive 
acute phase protein response (CRP}. 

Results: In total, $5 patients (severe 25) were recruited. In a severe 
attack. ALT, y-GT and ALP but not bilirubin, were persistently and significantly 
tower than a mild attack (see table}. Plasma ALT strongly correlated with y-GT 


(24h: r=0.52, P<0.001), and inversely with CRP (24h: r= —0.34, 
P = 0.004), 
42 
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Time Mild (60) Severe (25) P-value 

24h ALT 123 (15-1515) 80 (6-397) <0.00! 
ALP 372 (86-1240) 182 (27-48) 0.007 
y-GT 240 (15-1504) 72 (42-506) 0.04 

72h ALT 103 (7-859) 42 (12-155) <0.001 
ALP 302 (108-184) 189 (23-515) 0.004 
y-GT 196 (15-1515) 81 (6-397) 0.03 





erate 


Conclusions: Depletion of circulating ALT and y-GT in severe disease is likely 
to be secondary to a down-regulation of hepatic function, and may adversely 
contribute to the depletion of cellular glutathione. 


Upper GI 03 
Physical activity level in patients with pancreatic cancer cachexia 
A.G.W. Moses, C. Slater,” M.D. Barber, T. Preston” and K.C.H. Fearon 


Depatrment of Clinical and Surgical Sciences (Surgery), Royal Infirmary 
of Edinburgh, Lauriston Place, Edinburgh.” Department of Child Health, 
Glasgow University and ** Scottish Universities Research and Reactor 
Centre, East Kilbride 


Background: Physical activity level (PAL) has commonly been measured in 
healthy subjects. It was hypothesized that PAL would be reduced in patients 
with pancreatic cancer cachexia and could be increased by consuming an oral 
nutrition supplement enriched with the anticatabolic n-3 fatty acid eicosapen- 
tanoic acid CEPA). 

Methods: Total energy expenditure (TEE, kcal day”') was measured over a 
i4-day period in 24 patients with pancreatic cancer cachexia using the doubly 
labelled water CH0, H,'*O) technique. Resting energy expenditure (REE, 
kcal day ~') was measured by indirect calorimetry. PAL = TEE/REE. Three-day 
diet diaries were completed to calculate calorie (kcalday~') and protein 
(aday ` ') ingestion. The patients were then randomized to consume two cans 
of nutrition supplement day”! (containing 600 kcal. 32g protein, EPA} for 
S weeks, PAL was remeasured between weeks 6-8. Baseline results were 
compared with predicted (P) values. Data: median (minimum~—maximum), 
compared by Wilcoxon rank test. 

Results: At baseline, not omy were the patients hypermetabolic (REE > PREE, 
1346 [994-1665] versus 1239 [985-1611], P=0.001), but their TEE was 
reduced (TEE < PTEE, 1673 [1082-2459] versus 1858 [1478-2417], P = 0.033), 
leading to reduced PAL (PAL < PPAL, 1.18 [1.00-1.62] versus 1.50 [1.50-1.50]. 
P < 0.001), Consumption of EPA-enriched nutrition supplements resulted in 
increased calorie (1391 [990-2378] to 1837 [1751-2729], P = 0.018) and protein 


occurred in those consuming placebo (minus EPA) supplements. 

Conclusions: For the first time we have demonstrated that an objective 
measure of physical functioning (PAL) is reduced in patients with pancreatic 
cancer cachexia. Consumption of nutrition supplements enhanced with EPA 
was associated with an increase in PAL. 


Upper GI 04 

Outcome prediction in oesophagogastric surgery — the role of artificial 
neural networks in predicting individual risk 

P.P. Tekkis,’ G. Kuhan,” P McCulloch,” A.C. Steger,’ J. Poloniecki® and 
LS. Benjamin’ 

‘King’s College Hospital, London, “Hull Royal Infirmary, Hull, 

"University Hospital, Aintree, Liverpool, ‘University Hospital, Lewisham. 
London and °S1 George's Hospital, London 

Background: The prediction of individual patient risk has important 
implications in the process of informed consent. As there are no predictive 
indices that objectively quantify operative risk at the patient level, we compared the 
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performance of artificial neural networks (ANN) with hierarchical logistic regres- 
sion (HLR) in predicting outcomes in ocsophagogasine surgery 

Methods: POSSUM vanablea were collected from 505 patents undergomg 
electrve (n = 339, 67 1 per cent) or emergency (n= 43, 32.9 per cent) oeso- 
phagogastnic surgery in five UK hospitals between 1995 and 1999 Back- 
propagation ANN models were tramed using genetic algorithms (18:4 6:1 
network topology; input-hidden x? output nodes) and a 60 15.25 per cent split 
sample-validation-test technique adopted for mode] evaluation and comparison 
with the HLR equivalent Baycan analysis was used to assess model validity. 
Results: The ANN completed tranmg followmg 18 generations with final 
mean squared errors of 0.056 and 0 065 m the development and test sets HLR 
models performed better mn group satsucs. The ANN model offered better 
discrimination between bigh-nsk and low-risk patients as compared to the HLR 
mode] (area under the ROC curve = 0 854 versus 0.838 development set, 0.937 
versus 0866 test set) Based on 93 per cent overall mortality (pror 
odds =0 101) the likelihood ratios for a postive test at 10, 20, 30, 40 and 
50 per cent probabihty of death were 1.1, 2.5, 4.3 and 10 2 for the ANN model 
Conclusion: The ANN were significantly better in indrvidualizing outcomes 
whereas statistical techniques were best suited for evaluating group outcomes 
With additional trammg, ANN may become attractive adjuncts to chmical 
management and decianon-making process 
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T-cell adhesion and cytolysis of pancreatic cancer ceils: a role for 
E-cadherin in immunotherapy? 


J.J. French, J Cresswell, WK Wong, K Seymour, RM Charniey and 
JA Kuby 

Department of Surgery, The Medical School, Universty of Newcastle, 
Newcastle upon Tyne, UK 


Background: Adhesive interactions between pancreatic carcinoma and cyto- 
toxic T cells may be crucial to an effectrve anti-cancer response CD103 
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expressed on T lymphocytes is the only molecule that hetereotypically binds to 
E-cadherin, an epithelial cell sdhezion molecule characteristically mvolved ın 
homotypic epithelial cell-cell adhesion The aim of this study was to show that 
loss of E-cadherin expression by pancreatic cancer cells, which us observed 
during the metastatic process, may occur as a result of the adhesion and 
cytolysis of cancer cells by T cells 

Methods: E-cadherin negative pancreatic carcinoma cells were transfected 
with a plasmid vector coding for E-cadherm Permpberal blood lympbocytes 
were then isolated and strmulated with transforming growth factor B; (TGF-B)) 
to exprees (D103 The adhesion and cytotoxic potential of these lymphocytes 
against pancreatic cancer cell targets were assessed by flow cytometric adhesion 
and standard chromium release cytotoxicity assays. 

Results: CD103 expressing T lymphocytes showed significantly increased 
adhesion to E-cadhenn transfected carcinoma cells (5 64 1) compared to wild- 
type pancreatic cells (1.47.1, P< 0.0001) Adhesion was significantly reduced 
1n the presence of ant-CD103 blockade (2 25 1, P < 0.001) CD103 expressing 
T lymphocytes showed sigmficantly uncreased cytolysis of E-cadherin trans- 
fected carcinoma cells compared to wildtype pancreatic cancer cells (18 per 
cent versus 39 3 per cent, P< 0.001) Cytolysis was significantly reduced in the 
presence of ant-CD103 blockade (178 per cent verma 38.5 per cent, 
P<0001) 

Conclusions: T-cell adhesion to and cytolysis of pancreatic carcinoma calls 
appear to be dependent on the CD103—E-cadhenn interaction Reduced or lost 
expression of E-cadbern in pancreatic carcinoma may therefore be part of the 
process whereby cancer cells escape T-cell destruction and may represent scope 
for immunotherapy 
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Addition of pharmacological agents to phosphate buffered sucrose 
(PBS140) confer improved protection against warm ischaemia in rat 
kidney 


N. Ahmad, D.J. Potts’ and J.P.A, Lodge 


Department of Organ Transplantation, St. James's University Hospital and 
‘Department of Biomedical Sciences, University of Leeds 


We have evaluated the effect of the addition of pharmacological agents 
(Allopurinol, diltiazem, aspirin and glutathione) to phosphate buffered sucrose 
(PBS140) upon in situ warm ischaemia of rat kidney. Male Wistar rats (300- 
350g) were anaesthetized by intraperitoneal inactin (120 mg kg ~’). An intra- 
venous saline infusion was given at 6 mL h”! alse containing 37 MBq L `’ of 3H 
inulin. Both ureters were cannulated for urine collection. After an equilibration 
period of 1h urine was collected from each kidney for 1h (control), The left 
kidney was then flushed with 0.5 mL of PBS 140, UW or Solution I (PBS 140 and 
pharmacological additives) at 37 °C. A clamp was then applied to the left renal 
pedicle. After 45 min the clamp was released and a right nephrectomy was 
performed. Inulin clearance and urine osmolality for each group were compared 
for preischaemic period (control) and 1- and 4-h postischaemia (mean + SEM, 
n=), Postischaemic inulin clearance (Ist hour) fell significantly in both 
PBS140 and UW but was higher in solution | (70, 57 and 103 per cent of 
preischaemic control, respectively). Inulin clearance gradually declined over 
the 4h to 24 and 33 per cent of preischaemic control in PBS 140 and UW and 55 
per cent in solution L The first and fourth hour urine osmolalities for solution | 
were 53 per cent and 91 per cent of preischaemic control. These were 41 and 54 
per cent for PBS140 and 33 and 57 per cent for UW, respectively. The addition 
of the pharmacological agents to PBS140 provided significant advantage over 
PBS {40 and UW in the protection against in situ warm ischaemia. 
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Rapamycin inhibits vascular remodelling in a rat model of allograft 
vasculopathy and attenuates associated changes in fibrosis associated 
gene expression 


G.J. Murphy, G.R. Bicknall and M.L. Nicholson 


University Department of Surgery, Leicester General Hospital, Gwendolen 
Road, Leicester, LES 4PW. UK 


Aim: To assess the effect of Rapamycin at different dosages on the expression 
of genes that regulate vascular remodelling and fibrosis in a rat model of 
allograft vasculopathy. 

Methods: Lewis recipients of F344 rat thoracic to abdominal aorta transplants 
were administered Rapamycin or no treatment. F344 to F344 isografts served as 
controls. Vascular remodelling and ECM accumulation (Sirius Red) at 16 weeks 
post transplant were measured by computerized bistomorphometry of aortic 
sechions. Expression of fibrosis associated genes was studied by means of 
semiquantitative RT-PCR. Non parametric tests were used to compare different 
groups (Mann-Whitney). 

Results: Rapamycin (0.5mgkg~' per day) inhibited intimal hyperplasia 
(intima media ratio 0.02 +0.02 versus 0.2 + 0.05, P< 0.01). medial ECM 
accumulation (fibrosis) (Sirius red staining fraction 0440.01 versus 
0.45 + 0.01 mm’, P < 0.05) and ex pansive vascular remodelling (internal elas- 
tic lamina circumference 4.0+0.2 mm versus 4.2 +40.1 mm, P< 0.05) com- 
pared to untreated aortic allografts. This was associated with attenuation of the 
graft inflammatory infiltrate and a reduction in intragraft gelatinase, collagen 3 
and TIMP | mRNA levels. At 0.25mgke~! per day Rapamycin inhibited 
intimal hyperplasia (0.01 40.1, P<0.01) and medial ECM accumulation 
(0.41+0.04mm", P —0.05) compared to no treatment but not vascular 
had a more severe inflammatory infiltrate and larger amounts of intragraft MMP 
9 mRNA than those treated with the higher dose. 

Conclusion: These data suggest that as well as the tissue response to injury, the 
alloiramune injury itself directly contributes to vascular remodelling in allograft 
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vasculopathy. Rapamycin at higher, but not at lower doses, inhibited both of 
these pathological processes. 


Transplantation 03 

Depression of hepatic expression and serum levels of ICAM-1 and 
VCAM-1 during warm ischaemia reperfusion by intraportal infusion of 
prostaglandin E, 

T.S. Hafez,” M.M. Moussa,” LG. Nesim? B.R. Davidson.* A.H. Helmy,’ 
and N. Edward’ 


se 2 Cee 4 : Aa 
‘Department of Surgery, “Pathology and “Clinical Chemistry, Theodore 
Bilharz Research Institute, Cairo, Egypt and Academic Department of 
Surgery, Royal Free and University College Medical School, London, UK 


Background: Prostaglandin E, (PgE,) may have a role in ameliorating hepatic 
ischaemia-reperfusion injury (IRD). Metabolism occurs after intravenous 
administration of PgE, and limits its efficacy. This study has investigated 
the cytoprotective effect of PgE, administered intraportally. Since leucocyte— 
endothelial cell adhesion has been strongly implicated in IRI, we also studied 
intracellular adhesion molcule-| (ICAM-1) and vascular adhesion molecule-| 
(VCAM-1) expression to assess if PgE, acted through this pathway. 

Methods: Under general anaesthesia hepatic ischaemia was induced in 20 
canine livers by 60 min of in situ inflow occlusion with continuous intraportal 
infusion of PgE, 0.02gkg~' per min Jactated Ringers solution (n = 10) or 


started 15 min before ischaemia and continued during the ischaemic phase and 
30 min after reperfusion. Hepatic venous blood and liver biopsies were taken at 
baseline, 60-min ischaemia and 30-min reperfusion. The blood samples were 
assessed for liver enzymes, TNF-a, IL-18. serum ICAM-1 (sICAM-1} and 
VCAM-1 (sVCAM-1), while the liver biopsies were assessed histologically for 
IRI and immunohistochemically for ICAM-1 and VCAM-I expression. 
Results: PgE, treatment significantly reduced the rise in AST, ALT, TNF-x, 
sICAM-1 and sVCAM-I following ischaemia and reperfusion {P < 0.05). It 
reduced hepatocyte necrosis and sinusoidal congestion. However, it did not 
reduce [L-1] B. These changes were associated with significant down-regulation 
of ICAM-1 and VCAM-1 {P < 0.05). 

Conclusion: Intraportal PgE, infusion ameliorates IRI, inhibits ICAM- and 
VCAM-I expression and TNF-% secretion. One of the mechanisms of cyto- 
protection may be through ICAM-| and VCAM-I inhibition. 


Transplantation 04 


Effects of donor source on signalling and pro-fibrotic mRNA expression 
in pre-perfusion renal transplant biopsies 


G.R. Bicknell and M.L. Nicholson 
Department of Surgery, Leicester General Hospital, Leicester, UK 


Rat studies have indicated that rapid, irreversible CNS injury with continued 
perfusion may increase donated organs’ susceptibility to host immune 
responses, thus partly explaining the difference between cadaveric and living 
transplant success rates. In this study, mRNA expression from cadaveric renal 
donors was compared to that from living donors, and also to that from asystolic 
donors, Biopsies were taken from renal transplants (10 living, 10 conventional 
cadaveric, 7 asystolic donors) before reperfusion, while on ice. Complementary 
DNA to glomerular mRNA was synthesized, amplified and measured by 
RT-PCR-ELISA. Cadaveric donor glomeruli expressed less TOF-B 
(P = 0.043) and heat shock protein (HSP)-70 mRNA (P = 0.009), and more 
tissue inhibitor of metalloproteinases (TIMP)-l mRNA (P < 0.001) than ining 
donor glomeruli. They also expressed less HSP-70 mRNA (P = 0.025), and more 
TIMP-1 (P = 0.002) and TIMP-2 (P = 0.010) mRNA than asystolic glomeruli. 
Asystolic glomeruli expressed less TIMP-2 mRNA (P = 0.025) than living donor 
glomeruli. The results fit the hypothesis that injury with brain death and 
continued perfusion (cadaveric donation) does not result in a localized release 
of protective stress proteins, while low-impact injury alone (living donation) 
does. Injury with brain death but no perfusion (asystolic donation) also resulted in 


Br. J. Surg. Vol. 89, Suppl. I, June 2002 


the localized release of one of the proteins. This again fits the hypothesis — 
asystolic donors would not release ‘susceptibility’ factors, because the cessation 
of organ perfusion preceded brain death. Our data suggest that the ‘susceptibility’ 
factors may inhibit repair, as well as induce the immune responses already 
suggested, 
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TGF- and the development of chronic graft nephropathy: relative roles 

of gene, message and protein in 40 cadaveric renal transplant recipients 

G. Morris-Stiff, SE. Marshall,' N.A. Haldar,’ K.I. Welsh,’ I. Quiroga and 
W.A. Jurewicz 

Welsh Renal Transplant Unit, University of Wales College of Medicine and 
‘Oxford Transplant Centre, Oxford 

Aims: The profibrotic cytokine transforming growth factor beta (TGF-B1) 
is believed to play a key role in the development of chronic graft nephro- 
pathy (CGN); however, the aetiopathological evidence for this relation- 
ship requires clarification. The aim of this study was to determine the donor 
and recipient TGF-B1 genotypes and to quantify sequential changes in 
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TGF-B1I message and protein expression in relation to the development 
of CGN. 

Methods: Polymorphisms in the promotor region (~800, ~509, aa10) of the 
TGF-B gene were determined using PCR-SSP in 40 donor/recipient pairings. 
Protocol renal biopsies (0, 3, 6 and 12 months) were subjected to histological 
examination (Banff grading) and real-time quantitative PCR. Plasma TGF-B 
levels (total and active) were determined using a commercially available 
ELISA. 

Results: Statistically significant (P < 0.05) stepwise increases were observed 
for plasma total TGF-B levels and TGF-B mRNA compared to baseline at 3, 6 
and 12 months. The plasma TGF-B1 was higher in patients with CGN at all 
assessment points and CGN appeared to be linked to the presence of the PP 
polymorphism at amino acid 10 in the donor DNA. 

Conclusions: TGF-61 is up-regulated at protein and mRNA levels during 
the first year following cadaveric renal transplantation and the effect of 
‘high producer’ gene polymorphisms may also be important. This up- 
regulation of TGF-B1 in plasma may provide a novel noninvasive means 
of identifying early fibrotic damage before it becomes clinically apparent 
thus allowing an opportunity for intervention and salvage of otherwise fated 
allografts. 
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Patients with left-sided colorectal cancer demonstrating microsatellite 
instability are at risk of developing a second cancer 


D. Lawes, T. Pearson, S. SenGupta, 1. Taylor and P.B. Boulos 


Department of Surgery, The Royal Free and University College London 
Medical School, London, UK 


Background: Tumours from patients developing multiple colorectal cancers 
(CRC) demonstrate a high incidence of microsatellite instability (MSI). This 
does not predict the development of multiple disease, since 15 per cent of 
sporadic CRC also demonstrate MSI. This study aims to investigate the 
relationship between MSI and cancer location in predicting the risk of a second 
cancer, 

Methods: The MSI status of 100 CRC from 49 patients who developed 
multiple CRC (26 metachronous and 23 synchronous) were compared with 102 
patients with a single CRC. Microsatellite analysis by PCR and SSCP was 
performed on extracted DNA at the loci Bat25, Bat26, Bat40, D2S 123, D55346 
and D178250. Cancers were classified as high-level MSI (MSI-H) when >30 
per cent of loci were unstable, low (MSI-L) when <30 per cent were unstable, 
or stable (MSS) if MSI was absent. 

Results: The median age of those with multiple cancers was 70 years (range: 
33-100) and single cancer was 72 years (range: 35-84). MSI-H was demon- 
strated in |I per cent of single and 51 per cent of multiple cancers (P < 0.001). 
The incidence of MSI-H ts shown below. 





Proximal colon Distal colon 


2/59 (3%) 
5/12 (42%) 
15/29 (52%) 


Single cancer 
4/12 (33%) 
7/18 (39%) 


Metachronous cancer 
Synchronous cancer 








There was no difference in the incidence of proximal MSI-H cancers, but 
MSI-H cancers in the distal colon occurred 14-18 times more frequently in the 
multiple group (P < 0.001). 

Conclusion: MSI-H cancers identified distal to the splenic flexure should alert 
clinicians to the possible existence of a synchronous lesion or subsequent 
development of a metachronous cancer. 
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Increased capsaicin receptor VRI and related regulatory mechanisms 
in patients with rectal hypersensitivity and urge faecal incontinence 


C.L.H. Chan, P. Facer, J.B. Davis, R Anand and N.S. Williams 


Academic Department of Surgery, Barts and The London School of 
Medicine and Dentistry and Peripheral Neuropathy Unit, Hammersmith 
Hospital, London, UK 


Background: The presence of rectal hypersensitivity (RH) and urgency with 
faecal incontinence is a difficult condition to treat, The pathophysiology is 
unclear but may involve sensitization of visceral afferent pathways. We studied 
the sensory mechanisms using specific antibodies to novel ion channels and 
receptors. 

Methods: Patients (7=6) with urge faecal incontinence, RH and lowered 
rectal compliance underwent rectal augmentation + dynamic graciloplasty. Full 
thickness biopsies taken from mid-rectum were studied by immunohistochem- 
istry and computerized image analysis (10 random fields) using specific 
antibodies to the capsaicin receptor VRI expressed by nociceptors, vanilloid 
receptor-like protein VRL-2, expressed by autonomic nerve fibres, neuropep- 
tides calcitonin gene-related peptide (CGRP), substance P (SP), neurotrophic 
factors, nerve growth factor (NGF) and glial cell lme-derived neurotrophic 
factor (GDNF). NGF receptor trk A, glial markers S-100 and GFAP, and nerve 
marker peripherin. Control rectal tissue (7 = 12) was obtained from patients 
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undergoing carcinoma resection. Full ethical committee approval was granted 
for the study. 

Results: In the study group: increased VR1 immunoreactivity in nerves in both 
mucosal layers (P = 0.002). with a parallel increase in peripherin-positive 
neuronal fibres (P< 0.001); increased GDNF (P =0.001) and trk A 
(P =0.001) positive fibres were observed. CGRP immunoreactivity was 
increased in submucosal (P < 0.001) but not myenteric ganglia. VRL-2, SP. 
S-100 and GFAP were unchanged. 

Conclusion: This is the first study to demonstrate increased numbers of nerve 
fibres expressing VR1, GDNF and trk A in patients with RH and faecal urgency. 
Alteration of peripheral sensory processes may underlie the heightened sensa- 
tion and urgency experienced by these patients. 
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Aberrant gene expression in colonic epithelial cells — implications for 
the pathogenesis of ulcerative colitis 


J.C. Singh, S.M. Cruickshank, D. O'Neil, S. Conway, S.R. Carding and 
J.P.A. Lodge 


Department of Transplantation, St James's University Hospital and 


Department of Immunology, University of Leeds, UK 


Background: An inappropriate response to commensal bacteria by CD4 T 
cells has been implicated in the pathogenesis of ulcerative colitis (UC) and it is 
thought that colonic epithelial cells (CEC) present the bacterial antigens to CD4 
T cells. A potential CEC-CD4 T-cell interaction may involve toll-like receptors 
(TLR), which recognize conserved bacterial antigens. TLR are expressed on 
CEC. We propose that CEC influence the outcome of CD4 T-cell responses 
towards enteric antigen. 

Methods: Colons were isolated from wild-type and IL-2-deficient (IL-2) 
mice which spontaneously develop colitis, similar to UC. Matched samples 
were obtained at 4, 7 and 9 weeks of age. These time points represent pre-onset, 
early and established colitis. Messenger RNA from purified CEC were reverse 
transcribed to produce cDNA and screened for global gene expression using 
DNA membrane arrays. Expression of genes encoding TLR 1—6 and mediators 
of TLR signalling pathways were examined using RT-PCR and Western biot. 
Results: DNA arrays identified altered expression of genes in the IL-2" CEC 
associated with transcription factors, signalling proteins, growth factors and 
chemokines. These changes are being validated by RT-PCR. Comparative 
analysis of TLR has identified decreased expression of TLR4 and TLRS in 
IL-2" CEC, 

Conclusion: These results show differences in signalling pathways between 
wild-type and IL-2" 
cells. Alterations in TLR expression support our finding that colitis is associated 


CEC and provide evidence for CEC as functional immune 


with an abnormal response to specific bacterial antigen with implications for the 
pathogenesis of UC. 
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Small interfering ribonucleic acid oligonucleotides (SIRNA) targeted at 
REGIa and REGIB reduce growth of HRT18, a rectal cancer cell line 


LA. Hunter, S.M. Farmery, S.L. Perry, P.A. Robinson and PJ. Guillou 
Academic Unit of Surgery, St dames’s University Hospital, Leeds, UK 


Background: The expression of REGI% and REG/® transcripts in colorectal 
cancer are associated with 2 reduced 36-month survival rate following surgical 
resection. However, the cellular consequences of REG% and REG/B expres- 
sion are unknown. 

Methods: HRT18 cells were seeded at 5000cells per well and grown under 
standard conditions for | 1 days. RNA was extracted from cells on a daily basis. 
and REG/» and REG/® transcript expression determined by reverse transcrip- 
tion and real-time polymerase chain reaction. siRNAs designed to target the 
open reading frame of REG? x and REG/B were transfected into HRTI8s on day 
4 and their effects on cell growth determined using the tetrazolium salt 
conversion assay (MTT) om day 8. 
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Results: HRT18 cultures underwent a linear growth phase that reached a 
plateau at day 8 of culture. During the linear growth phase, REG/a transenpt 
expression was seen to increase by 300 per cent, peaking at day 8 and then 
diminishing to levels similar to those seen at day 3 RNAs targeted at REG/a 
and REG/B reduced cell growth as compered to a Luciola lateralis luciferase- 
targeted siRNA control 





Anh-REGI«a 
nRNA Anu-REG/a Anu-REG/B and -REGIB 
Per cent reduction m 29” 23° 24° 

MTT optical density 


"Mann-Whitney U-test; gene-specific RNA versus ant-luciferase control, 
P=0,029 


Conduslon: REG/a and REGIR expressions are maximal whilst cells are 
actively proliferating, and siRNA targeting of their transcripts reduces cell 
growth The association between REG/a and REG/B expression and poor 
prognosis m colorectal cancer may be due to the effects of these proteins on 
tumoor cell growth. 


Lower GI 05 

Type-S phosphodiesterzse Inhibitors significantly reduce resting anal 
pressures in healthy volunteers 

N. Griffin, D. Bush, J. Gale, L. Tan, J.H. Scholefield and P. Son 
Department of Surgery, Queen’s Medical Centre, Nottingham and Pfizer 
Global Research and Development 


Background: Nitnc oxide 1s the main mbibitory neurotransmitter in the 
mternal anal sphincter UK 357,903 (an inhibitor of type-5 phosphodiesterase 
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(PDE)) prevents hydrolysis of cyclic guanosine monophosphate, enhancing 
the effect of nitric oxide We investigated the effect of a single oral 
dose of UK 357,903 on maximal anal resting pressures (MARP) ın healthy 
subjects 

Methods: This was a double-blind, placebo-controlled, three-way cross-over 
study with four treatment arms Twelve male subjects were randomized to 
recerve three of four treatments single oral dose of UK 357,903 (10 and 
100 mg), single dose (0.5 g) of topical 0 2 per cent glyceryl tn-nitrate (GTN) 
paste apphed penanally or oral placebo For each study period, MARP was 
recorded pror to dosing and for 25h postdose Squeeze pressures were 
recorded 1.25 and 2.5h postdose 

Results: One subject withdrew consent and was excluded The maximum 
change from baseline MARP was 28.7, —716, 3.92 and —37.6 per 
cent for placebo, 100mg UK 357,903, 10mg UK 357,903 and GTN, 
respectively The difference between placebo and 100mg UK 357,903 
was significant (P=0.001). Squeeze preasures were unchanged. High- 
dose UK 357,903 caused facial flushing in two subjects, headaches m four 
subjects and pemile erections in two subjects GTN caused headaches in four 
subjects 

Condusions: This study shows that the 100mg UK 357,903 causes a sig- 
nificant redpction in MARP compared to placebo and GTN. PDE-5 inhibitors 
may benefit patients with internal anal sphincter hypertoma, includmg anal 
fissures 
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A method of tumour androgen receptor expression in primary operable 
breast cancer measured by flow cytometry 


S.R. Aspinall, S.J. Stamp, I. Brotherick, B.K. Shenton, A.B. Griffiths, 
C.D.M, Griffiths and T.W.J. Lennard 


Department of Surgery and Department of Clinical Biochemistry, 
University of Newcastle and Royal Victoria Infirmary, Newcastle upon 
Tyne, UK 


Background: The role of oestrogen and progesterone receptors in breast 
cancer has been extensively investigated; however, the androgen receptor has 
received little attention. We report a flow cytometric method for the measure- 
ment of tumour androgen receptor (AR) expression on 43 primary operable 
breast cancers. AR expression has been correlated with grade, lymph node 
status, epidermal growth factor receptor (EGFR), and oestrogen receptor alpha 
(ERa) also measured by flow cytometry. 

Method: Biotinylated AR antibody AR441 (Dako) was titrated using the 
LNCaP cell line. Tumour samples were processed through mesh and the 
resulting suspension were fixed with 2 per cent paraformaldehyde and permea- 
bilized with 0.025 per cent triton prior to incubation with AR antibody, 
streptavidin PE and 5D3-FITC. Analysis was performed on cytokeratin-positive 
cells by FACScan flow cytometer. 

Results: Eighty per cent of tumours expressed AR. There was a significant 
correlation between AR and ER expression (P-value = 0.008). No correlation 
was observed between AR and EGFR expression (P-value = 0.59). 





AR expression, 
mean value 


Number (mol fluorescene cell ”') P-value 
Grade | 3 1895 0.13 
Grade 2 9 6275 
Grade 3 16 10702 
Lymph node negative I5 OIH 0.68 

13 7246 





Conclusions: AR appears to be coexpressed with ERa, but not EGFR. The 
finding of increasing AR expression with increasing grade suggests that AR 
expression is a more aggressive marker than has hitherto been found by 
immunohistochemistry. These observations are supported by the previously 
reported findings of AR expression m 75 per cent of breast cancer metastases, 
and as the sole steroid receptor in 25 per cent of metastases. 


Breast 02 


Cyclo-oxygenase inhibitors reduce spontaneous metastases and serum 
VEGF in an experimental model of breast carcinoma excision 


G. Roche-Nagle, JH. Harmey, E.M. Connolly, M. Eng and 
D.J. Bouchier-Hayes 


Department of Surgery, Royal College of Surgeons in Ireland, Beaumont 
Hospital, Dublin 9, Ireland 


Background: Cyclo-oxygenase-2 (COX-2) and VEGF expressions are 
increased in breast cancer, and surgery has been shown to increase the growth 
of metastatic tumours. The aim of our experiment was to investigate the effect 
of selective COX-2 inhibition on tumour metastases in an experimental excision 
model of breast cancer. 

Methods: A total of 50000 4T1 mammary carcinoma cells were injected into 
the left mammary fat pad of 9-week-old female BALB/c mice. On day 11, 
postinjection (mesn tumour size = 7,4 + 0.4mm) mice were randomized into 
three groups (n = 6 per group) to receive daily intraperitoneal (IP) injections of 
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the selective COX-2 inhibitor, SC-236 pre- and postexcision of primary 
tumour, postexcision of primary only or drug vehicle. Breast tumours were 
excised on day 14, and arimals were sacrificed I4days postexcision of 
primary. 

Results: At harvest. there was a significant reduction in tumour burden, the 
number of lung metastases and in serum VEGF levels between the SC-236 and 
control group. There was ne significant difference between the pre-excision- 
and postexcision-treated groups. 





SC-236, SC-236. 
At harvest Control pre-excision  post-excision 
No. pulmonary metastases 225252 113.1” i ee aes 
Metastatic burden 1.05+0.05 0.86£0.05° 0.86 £0.05" 


(lung wt/body wt) 


Serum VEGF (pg mL’) 83.5+20.9 3543.9" 30.5 +6" 





ANOVA: nonparametric analysed with Kruskal-Wallis test, `P < 0.05. 


Conclusion: This data demonstrates that selective COX-2 inhibition signifi- 
cantly reduces the number of spontaneous metastases in an experimental 
excision model of breast cancer. We have also shown that this may occur 
secondary to a reduction in the potent angiogenic factor VEGF. 


Breast 03 
Lymphangiogenesis and lymph node metastasis in breast cancer 


G.H. Cunnick, W.G. Jiang, A. Douglas-Jones, G. Watkins, K.F. Gomez. 
K. Mokbel’ and R.E. Mansel 


Department of Surgery, University of Wales College of Medicine, Cardiff. 
í * + "ý r ` 

UK and Department of Breast Surgery, St George's Hospital, London, 

UK 


Background: Breast cancer affects one in 10 women in the UK. No link has 
been demonstrated between angiogenesis and regional metastasis in breast 
cancer. Many cancers spread primarily via the lymphatics, yet research into 
lymphangiogenesis and metastasis has been limited. Using all known lymphatic 
markers, we quantified lymphangiogenesis by measuring MRNA expression 
of lymphatic markers, using quantitative polymerase chain reaction (QPCR) 
techniques. Furthermore, the relationship between lymphangiogenesis and 
axillary lymph node status was examined. 

Methods: RNA was extracted and cDNA synthesized from 120 archival breast 
cancers and 33 background breast samples. Plasmids containing human 
sequences from the followmg markers were constructed and used as internal 
standards: LYVE-1, Prox], Podoplanin, VEGF-C, VEGF-D, VEGFR-3 and 
VEGFR-2. The first six are lymphatic markers, whereas VEGFR-2 is a blood 
vessel marker. QPCR was performed on the breast cDNA and plasmids. The 
original concentration of each marker was quantified by reference to the 
plasmid standards’ concentrations. 

Results: Mean values for node positive, negative and background tissue for 
each marker (all values in copies pL): LYVE-1: 128, 12.1, 0.3: Prox}: 6140, 
4466, 1270; podoplanin: 23306, 7764, 4973; VEGF-C: 3989, 613, 270; VEGF- 
D: 115, 32, 12; VEGFR-3: 129, 117, 66. Most differences were statistically 
significant (Mann-Whitney U-test, P< 0.05). No differences were found 
between the three groups with VEGFR-2. 

Conclusions: This first quantitation of lymphangiogenesis has demonstrated 
that lymphangiogenesis is higher in node-positive than in node-negative 
tumours, and the lowest in normal breast. This suggests that those cancers 
which overexpress lymphatic markers are more likely to metastasise to the 
lymphatics, 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


Breast 04 


Sentinel node biopsy in breast cancer: a complete 
immunohistochemical study 


N. Beechey-Newman, H Hamed, K Thakur, C. D’Anggo, S. Clark and 
I S. Fentoman 


Breast Unit, Guy's Hospital, London, UK 

Background: To discover the truc accuracy of sentinel node biopsy (SNB) by 
eliminating the bias that results from the more intensive histological assessment 
of the SNs than non-SNa. 

Methods: Three hundred unselected consecutive patients with primary breast 
cancer (T 1-3, NO-1) bad sentinel biopsy followed by level I axillary clearance. 
SN localization was by isotope and dye m 112 patients and dye only in 188 
patents All sentinel and nonsentinel nodes were treated identically by seal 
sectioning, followed by H&E and immrunohistochemustry for cytokeratin (CAM 
52) 

Results: SN was identified in 250 (83 3 per cent), 91 9 per cent for isotope and 
dye compared to dye alone, 78 2 per cent (P =0 005). A mean of 1 4 SNs and 
21 8 non-SNs were retrieved. The SN predicted the status of the rest of the axilla 
with an accuracy of 91 2 per cent and a sensitrvity of 82.3 percent There was no 
difference m the sensitivity of SNB between the methods of localization used 
(isotope and dye: 84.6 per cent; dye alone: 81 1 per cent). Multrvanate analyas 
of 10 patents and methodological vanants demonstrated that needle localiza- 
tion of the tumour and high node positivity (>4 pomtrve nodes) were the only 
factors associated with reduced SN identficahon. None of the same 10 factors 
affected SNB accuracy 

Conclusions: In this prospective study when patients are not selected and all of 
the axillary nodes are cleared and treated by similar histological techniques, the 
accuracy and sensitivity of SNB 1s pot as accurate as generally quoted Different 
methodological techniques affect the rate of identificahon of the SN bat not its 
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The identification of drug resistance in breast cancer: a feasibility study 
AW Elge, T Bates, CJ Williamson, G.M. Lewandowicz, C.G Taylor and 
JM Sargent 


Haematology Research Department, Pembury Hospital, Pembury, Kent 
and Breast Cancer Unu, William Harvey Hospital, Ashford, Kent 


Background: In an attempt to identify drug resistance in breast cancer before 
treatment, an m-vitro study 1s described using cells isolated from fine-needle 


aspirate (FNA) samples 


Br. J. Surg. Vol 89, Suppl. 1, June 2002 


ASGBI: Clinical Practice 01-08 


Methods: Cells isolated from 78 patients at diagnosis were continuously 
exposed for 48 h and/or 96h to four concentrations of drugs. Cell survival was 
measured using ether the ATP or MTT (3,4,5-dimethylthiazol-2,5~dipheny! 
tetrazolium bromide) assays Dose-response curves and the LCs values (the 
concentration required to kali 50 per cent of cells) were calculated Results from 
in-vitro studies were compared with age, Nottingham prognoshe index (NPI) 
and histology but the clinical outcome is pot yet mature. 

Results: The ATP assay was found more suitable mnce it required a mmmum 
of 10 cells per well compared to the MTT assay which requires at least 1 x 10° 
Fifty of the 78 (64 per cent) samples produced sufficient cells, of these 
43/49 malignant samples (87 per cent) achieved a successful assay 
There was conmderable variation in the response to cytotoxic agents tested 
after 48 h. 


Median LC. 
Cytotoxic agent (ug mL~") Range n 
Mafosfamide 337 0 14-35 43 
Doxorubicin 1.34 0.18 to >10 13 
5Ftnorouraci] 296 8 88-750 12 


Patients defined as having poor prognosis according to the NPI were more likely 
to produce results (P < 0.01), the medhan NPI on successful assays was 3 66 
(range: 2 16-6 33; n=32) compared to 29 (range. 2.18~3.3, n=8) for 
unsuccessful assays. There was no evidence of comelanion between m-viro 
results and prognostic mdicators 

Conclusions: The identification of drug resistance before adjuvant and neo- 
adjuvant chemotherapy for breast cancer 1s now a practical possibility, but 
correlation with tbe clinical outcome will be umportant 
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Upper GI and Oncology 01 


Decreased tissue beta-galactoside alpha-2,6-sialyltransferase activity in 
hepatocellular carcinoma — a possible cause for the formation of 
tumour-specific alpha-fetoprotein isoforms 


PBS. Lai.’ T.S.K. Mok. C.H.S. Chiu, T.C.W. Poon, W.Y. Lau! and 
PJ. Johnson 


‘Department of Surgery and Department of Clinical Oncology, Sir YK Pao 
Centre for Cancer, The Chinese University of Hong Kong, Shatin, Hong 


Kong, China 


Background: Measurement of alpha-fetoprotein (AFP) is widely used in 
diagnosing hepatocellular carcinoma (HCC). However, moderately elevated 
AFP levels are also found in patients with chronic liver diseases. Separated by 
isoelectric focusing, AFP isoforms appearmg as Band + H have been found to 
be specific for HCC. Recently, the Band + H isoforms have been identified to be 
monosialylated AFP (msAFP), which has one sialic acid residue fewer than the 
predominant AFP isoforms associated with liver cirrhosis. The beta-galactoside 
alpha-2,6-sialyltransferase (ST2,.6Gal D is the key liver enzyme to transfer 
terminal sialic acid to the carbohydrate side chain of AFP. 

Methods: To investigate whether decrease of ST2,6Gal I expression and/or 
enzyme activity is the underlying cause for the formation of msAFP, serum 
sample, tumour and nontumour samples were collected from 19 HCC patients 
for the measurement of serum msAFP percentage, tissue ST2,6Gal | activity, 
and ST2,6Gal | mRNA. 

Results: Serum msAFP percentage was negatively correlated with absolute 


percentage change of enzyme activity (r= —0.540, P < 0.02). Positively cor- 
relation between the enzyme activity and the mRNA level of ST2.6Gal I was 
found in nontumour tissues (r= 0.643, P< 0.01), but not in tumour tissues. 
Conclusion: These results suggest that decrease of ST6Gal I activity 
in tumours is a possible cause for the formation of HCC-specific 
hyposialylated AFP isoforms. In contrast to nontumour tissues, the down- 
regulation of the ST6Gal I activity in HCC may not be regulated at the 
transcription level. 


Upper GI and Oncology 02 


Heterogeneity of response to chemotherapy in liver tumours evaluated 
by the comet assay in an isolated perfused human liver 


D.R.C. Spalding. D. Hochhauser, J. Hartley and B. Davidson 


Department of Surgery and Department of Oncology, Royal Free Hospital 
and University College School of Medicine, London, UK 


Aims: Traditional models of studying chemotherapy efficacy do not take into 
account microenvironment nor do they behave like naturally occurring human 
tumours. An isolated human liver model with tumour was developed to provide 
information for overcoming barriers to drug delivery and for developing novel 
therapeutic strategies. 

Methods: Liver specimens obtained from eight patients undergoing hemi- 
hepatectomy for hepatocellular carcinoma (HCC) or colorectal cancer (CRC) 
metastases were perfused via portal vein and hepatic artery branches (one 
control, three cisplatin: 23.3, 50 and 100 uM), two etoposide and two nitrogen 
mustard (NM; 50 and [00uM). Chemotherapy-induced DNA damage was 
measured tn individual tumour cells from fine needle aspiration biopsies using 
the Comet Assay. 

Results: Thirteen tumours (median size Sem, range 2-17) were perfused 
(E HCC, 12 CRC). Median duration of perfusion was 300 min (range 240-360). 
and median total perfusion flow was 300mL min”! (range 110-240). Laser 
Doppler imaging confirmed adequate perfusion, and livers remained viable 
on gross appearance, stable portal vein and hepatic artery pressures, bile 
production and maintenance of DNA integrity of the control. DNA damage 
increased linearly with cisplatin concentration (23.3, 50 and 100 uM caused 35, 
45 and 60 per cent decrease in tail moment, respectively), but not with etoposide 
and NM. Seven of the 12 tumours demonstrated increased DNA damage 
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superficially compared with deeper levels (three cisplatin; two etoposide and 
two NM). 

Conclusions: Perfusion of human livers obtained during hepatic resection is a 
simple procedure that provides new insights into the distribution patterns of 
chemotherapy within tumours in an ex vive model. 


Upper GI and Oncology 03 


Ischaemic preconditioning can prevent fatal ischaemic insult in 
cirrhotic liver resection 


P.B.S. Lai, FY. Lee, S.S.M. Ng, R.L.K. Ho, E. Chak, G.G. Chen and 
W.Y. Lau 


Department of Surgery, The Chinese University of Hong Kong, Shatin, 
Hong Kong SAR, China 


Background: One of the major problems associated with liver resection is the 
development of liver failure after surgery. It was thought to be related to the 
ischaemic insult induced to the remnant liver at the time of the hilar inflow 
occlusion during liver resection. Ischaemic preconditioning, however, has been 
shown to be effective in other organ systems to prevent ischaemic and also 
ischaemic-reperfusion injury. In this study, we tested if ischaemic precondi- 
tioning can protect cirrhotic liver from ischaemic insult during liver resection. 
Methods: Wistar Furth rats were induced to develop liver cirrhosis by thrice 
weekly injection of thioacetamide intraperitoneally for 8 weeks. Ischaemic 
preconditioning is induced by 10 min of hilar clamping followed by 15 min of 
unclamping. Rats were then randomized into two groups of either with or 
without ischaemic preconditioning. The rats were then subjected to either 15 or 
30 min of hilar clamping followed by 60 per cent hepatectomy. 

Results: 





Procedures Survival 


8/8 (100%) 
8/8 (100%) 
0/8 (0%) 
8/8 (100%) 


15-1n. hilar clamp 
10-in. hilar clamp + {5-in. unclamping + [5-in. hilar clamp 
30-in. hilar clamp 
10-in. hilar clamp + [5-in. unclamping + 30-in, hilar clamp 


Conclusion: Our data suggest that ischaemic preconditioning is a useful 
procedure to protect the curhotic rats from dying after a 60 per cent liver 
resection. Further studies in the mechanisms of the protection would offer more 
information before we can apply this manoeuvre in clinical practice. 


Upper GI and Oncology 04 


The effects of an awareness-raising programme for patients and 
primary care physicians en the early detection of gastro-ocesophagea! 
cancer 


P. McCulloch,’ P. Brown and B. Martin! 


Academic Unit of Surgery and Department of Civic Design, University of 
Liverpool 


Background: Gastro-oesophageal cancer is usually detected late, when prog- 
nosis is poor. Japanese evidence suggests that increased public awareness may 
improve early detection rates. 

Methods: We conducted a prospective controlled trial to test the efficacy of 
education by home letter, combined with improved specialis/GP liaison, in 
promoting the detection of treatable gastro-oesophageal cancer in 37 500 
patients over 40. Patients were sent yearly letters for three consecutive years, 
advising consultation for four specific symptoms. A total of 60500 matched 
controls received no intervention. Cancer cases were identified from registry 
data, and stage and operability from hospital records. 

Results: Twenty of the 59 cancer patients in the study group (34 per cent) and 
42 of 125 in the control group (34 per cent) underwent resections. Twenty-four 
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per cent (14/59) of study group and 18 per cent (23/125) of contro! patients had 
‘curable’ disease (odds ratio= 1.51, y? = 1.164, P=0.28) In year 1 of the 
study, 1 I of 20 (55 per cent) study group patents underwent resection compared 
to 10 of 38 (26 per cent) control group patients (P = 0.045, Fisher’s exact test, 
odds raho 3.4). In year 1, 8 of 20 study patients (40 per cent) had ‘curable’ 
disease compared to 10.5 per cent (4/38) control patents (P = 0 0128, Fisher’s 
exact test, odds ratio 567) There was no difference m survival between the 
group’s overall or on comparing each year of study 

Condusion: Thus mtervention caused a transient improvement m resection 
rate and curability, but survival was not affected Improving the detection of 
curable upper-GI cancer is likely to require more complex and mtensive 
interventions. 


Upper GI and Oncology 05 

Nuclear factor kappa B (NF«xB) and p38 MAP kinase Inhibition 
improves survival in endotoxin and polymicrobial models of sepsis 

AW O'Sullivan, J.H. Wang and HLP Redmond 

Department of Academic Surgery, National Unrwersity of Ireland and 
University College Hospital, Cork, Ireland 

Alms: NFxB and p38 MAP kinase are cntical intracellular signal transduction 
pathways which mediate the systemic mflammatory response syndrome. Anti- 
biotic indices bacterial lysis, also contnbates to cytokine production and the 
inflammatory response by sctrvating NFKB and p38 kinase. In this study, we set 
ont to examune the effects of mhibriion of p38 and NFkB translation in in-vrvo 
models of sepsis 

Methods: Intraperitoneal Irpopolysacchande (LPS) (45 mgkg~’), tal veun 
injection of bacteria (Staphlococcus and Salmonella: 5 x 107% cfukg™') and 
caccal ligation and puncture (CLP) with or without antibioncs (Co-amaxyclay, 
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100 mg kg") were the septic models employed Anmmals recerved control, 
SB-202190 a p38 imbhibitor or SN-50 an NF«B inhibitor (tantibiotics for 
CLP), and mortality was assessed by log-rank analysis. Blood was 
collected at different tume points for cytokine analyms and splenic tissue for 
cytoplasmic protein extraction to assess kinase activation analysis by Western 
blot 

Results: SB-202190 and SN-50 resulted ın significant survrval benefit in the 
LPS model (P = 0 0006) but not bacterial or CLP model (P=0.9, 03) SB- 
202190 and SN-50, in combination with antibiotic, resulted in a mgnificant 
survival benefit m the CLP model (P = 0.0001; 0006) Circulating levels of 
TNF-a and IL-6 were mgnificantly reduced at 2h (P =0 047, 0 036") bat 
not at 6h (P=0.18; 0.024) post-CLP (Table 1). Western blot demonstrated 
down-regulation of p38 kinase 2h after CLP. 


TNF (pg mL!) IL-6 (pg mL") 
Vehicle only T3 (445) 118 (442) 
Vehicle and antinotic 27 (+2) 113 (+48) 
SN-50 and antibtotic 20 (+4) 92 (+25) 
SB-202190 and antibiouc 13 (+1) 27 (+2)* 


Statistics. "P <0 05, ANOVA 


Condusions: We have demonstrated that p38 and NP«B inhibition improves 
survival in endotoxin shock, whereas the survival benefit in polymicrobial 
sepsis requires coexistent antibiotic treatment. Our findings suggest that p38 
and NF«B inhibition may provide novel strategies ın preventing and treating 
sepsis in clinical practice 
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Breast 06 
Investigation of systemic folate status and level of DNA damage in 
mononuclear cells of breast cancer patients 


M. Hussien, H. McNulty,” N. Armstrong,’ PG. Johnston,” RAJ. Spence 
and Y. Barnett? 


ž Rud M 7 caf s qe x 3 3 p "i 
‘Breast Surgery Unit, Belfast C ity Hospital, “Cancer Research Center, 
Queen's University of Belfast and “School of Biomedical Science, 
University of Ulster, Coleraine, Northern Ireland 


Background: Folate is required for DNA synthesis, repair and methylation, 
and low folate status has been implicated in carcinogenesis possibly as a result 
of higher rate of genetic damage. 

Aim: To investigate the relationship between DNA damage and folate status in 
breast cancer and benign breast disease control patients. 

Materials and methods: Fasting blood samples from 52 histologically 
confirmed untreated breast cancer patients (mean age: 57 years) and 30 benign 
breast disease control patients (mean age: 51 years) were obtained. Mono- 
nuclear cells were isolated for genetic damage analysis using basic alkaline 
comet assay (which detects DNA single-strand breaks) and modified comet 
assay (using endonuclease HI and formamidopyrimidine glycosylase (FPG) to 
recognize oxidatively damaged pyrimidines and purines, respectively). Results 
are expressed as tail moment, 

Results: Results were log transformed to normalize the data and presented as 
geometric mean (95 per cent confidence interval). 





Cancer Control Significance 
Red cell folate 339.07 379.5 0.24 
ing mL) (333.3-404.6) (335.8-505.2) 
Plasma homocysteine 11.90 10] 0.073 
tumol hl ') (10.6-16.45) (9.3-11.9) 
Basic alkaline 4.30 0.827 <0.0001 
comet (1.26-1.66) (0.43-0.08) 
Modified comet 5.89 2.36 <0.0091 
tendo HD (1.56-1.98) (0.59-1.13) 
Modified comet 5.34 2.69 <{).0001 


(FPG) (1.46-1.88) (0.72-1.26) 





Conclusion: DNA damage was found to be significantly higher in mono- 
nuclear cells of breast cancer patients compared to benign breast disease control 
patients. Breast cancer patients tended to have lower red cell folate and higher 
plasma homocysteine concentrations, but these differences were not significant. 
A mechanistic role for low folate status in the aetiology of breast cancer is under 
further investigation. 


Breast 07 
Novel beneficial effects of anticoagulants on neoplastic processes 
M.J. O'Sullivan, Q.D. Wu. J.H. Wang, W.O. Kirwan and H.P. Redmond 


Academic Department of Surgery, University College, Cork and Cork 
University Hospital, Cork, lreland 


Background: There is evidence that the heparins may affect tumour growth. 
We examined the effects of heparin and low molecular weight heparins in breast 
and colon cancer. 

Methods: 

è Experiment 1. Human colon cell lines SW 480, 620 and 707, and breast 
cancer cell lines 4T! and MDA were incubated with medium alone, heparin, 
enoxaparin or tinzaparin, correlating with prophylactic to therapeutic doses. 
Tumour cell proliferation was assessed. 

è Experiment 2. Balb/c mice were inoculated with 4T1 cells intravenously, and 
received control, heparin, enoxaparin or tinzaparin at low and high doses 
subcutaneously daily, Animals were killed on day 12 and the lung:body weight 
ratio and metastatic score were calculated, 
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Results: 

è Experiment l. High-dose tinzaparin (33.4 per cent + 13.1) inhibited breast 
tumour cell proliferation when compared to enoxaparin (65.4 per cent + 14.1) 
or heparin (97.6 per cent + 12.9) (P< 0.004). High-dose heparin (52.9 per 
cent + 18.1) inhibited colon tumour cell proliferation significantly greater than 
either enoxaparin (110.2 per cent + 31.9) or tinzaparin (125.9 per cent + 13.1) 
(P = 0.003). 

è Experiment 2. Tumour growth was less in the low-dose tinzaparin group 


Conclusions: These results indicate that tinzaparin may be the anticoagulant 
of choice in patients with neoplastic disease in prophylactic or therapeutic 
settings. 


Breast 08 


Taurine attenuates T-lymphocyte apoptosis induced by interleukin-2 
through a Fas—Fas ligand-dependent pathway 


S.G. Maher, D. Toomey, C.M. Condron and D.J. Bouchier-Hayes 


Department of Surgery, Royal College of Surgeons in Ireland, Beaumont 
Hospital, Dublin 9, Ireland 


Background: Interleukin-2 is used in immunotherapy of melanoma and renal 
cell carcinoma and results in a transient reduction in circulating T-lymphocytes. 
The mechanism underlying this reduction in lymphocytes is unknown. /n vitro 
prolonged exposure to IL-2 and costimulation of T-cells results in AICD, 
mediated by interaction between Fas and FasL on T-cells. Intracellular taurine 
levels are known to be important in regulation of T-cell death. We hypothesize 
that IL-2 increases Fas/FasL expression on T-cells. which results in T-cell 
apoptosis, and that preloading T-cells with taurine attenuates T-cell apoptosis 
induced by IL-2 through regulation of Fas/FasL. 

Methods: T-cells were treated with anti-CD3 mAb and IL-2 to induce Fas and 
FasL. expression. Some groups were preloaded with taurine. Fas and FasL 
expression, apoptosis and survival were assessed via flow cytometry. 
Results: 





Fas FasL Apoptosis Survival 
Treatment (MCF) (% of expressing cells) (%) (%) 
Control 18.59 4.04 6.81 91.28 
Control + taurine 16.33% 5.17 7.64 91.49 
Anti-CD3 +- [L-2 16.95 31.00 34.54" 63.77" 
Anti-CD3 +1IL-2+ 14.47" 15.80% 23.90% 74.87 
taurine 
Anti-CD3 + IL-2 + — — 24.51 70.53 
rhFas:Fe 
Ant-CD3 + IL-2 + — ~ 22.56 71.38 


taurine + rhFas Fe 





Data expressed as mean, MCF: mean channel fluorescence: “versus control: 
P < 0.05; “versus anti-CD3 + IL-2: P< 0.05. 


Conclusions: The simultaneous administration of anti-CD3 and IL-2 increases 
FasL expression and apoptesis of T-cells. Preloading T-cells with taurine 
reduces Fas and FasL expression and apoptosis induced via anti-CD3 and 
IL-2. IL-2 receptor levels were not altered by treatment with taurine. Treatment 
of T-cells with anti-CD3 and IL-2 in the presence of Fas:Fe inhibitor resulted in 
a Similar attenuation of apoptosis compared to that observed with taurine 
preloading, indicating that the reduction in apoptosis attributed to taurine is 
dependent on the FasL pathway. 
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Pattern of expression of genes linked to epigenetic silencing in human 
breast cancer 


K. Munot. V. Speirs, S. Bell, S. Gray, S. Lane, K. Horgan and P. Quirke 


The Breast Unit and Molecular Pathology, Leeds Teaching Hospitals, 
Leeds, UK 


Background: A growing body of evidence now supports the hypothesis that 
‘epigenetic’ mechanisms such as DNA methylation play an important role in 
neoplasia. The aim of this study was to determine the pattern of expression of 
multiple key cancer genes that are known to undergo epigenetic inactivation by 
promoter hypermethylation in breast cancer. 

Methods: The expression of the tumour suppressor gene p/6, estrogen 
receptor a (ERa), ERb, progesterone receptor (PR) and DNA repair 
genes hMLH/ and MGMT were studied with immunohistochemistry in 260 
breast cancers. Methylation-specific PCR was performed in a subset of 20 
cancers to confirm the role of DNA methylation in the loss of expression of 
MGMT. 

Results: The majority of breast cancers showed loss of expression of at least 
one gene {n = 157, 78.5 per cent). A strong correlation was seen between high- 
grade tumours and loss of expression of ERa (P < 0.0001), PR (P < 0.0001), 
ERb (P < 0.0001) and MGMT (P = 0.04), while loss of expression of p/6 was 
associated with low/intermediate-grade tumours. No loss of expression of 
hMLH] was seen in any of the tumours studied. DNA methylation was strongly 


Conclusions: The pattern of epigenetic inactivation of key cancer genes is 
complex with high-grade tumours showing methylation-linked silencing of 
certain genes with concurrent normal expression (AMLH/) or overexpression 
of other genes (p/6). This has important implications for developing new 
preventive and therapeutic strategies based on epigenetic events in breast 
cancer. 


Breast 10 


In vive complex permittivity measurements of human liver 
parenchyma and hepatic colorectal metastases 


A.D. Strickland, P.J. Clegg, N.J. Cronin, G.S.M. Robertson, A,R. Dennison, 
D.P. Berry and D.M. Lloyd 


Department of Surgery, University Hospitals of Leicester, Leicester, UK 
and Medical Devices Technology Group, University of Bath, Bath, UK 


Background: Microwave ablation is a technique for treating unresectable 
liver tumours. Accurate calculations of the interaction between microwaves and 
the material to be treated can only be made when that tissue’s complex 
permittivity is known. In this study, complex permittivity of normal liver 
parenchyma and hepatic colorectal metastases was calculated at a frequency 
of 2.45 GHz. 

Methods: A small microwave signal of varying frequency emitted from a 
computer-controlled Vector Network Analyser was passed into an open-ended 
coaxial sensor. The sensor was placed into tumour or normal hepatic parench- 
yma. Using computer software, the material's complex permittivity was calcu- 
lated from the magnitude and phase of the reflected signal. For each patient, the 
mean of five readings from the normal liver and metastatic deposits was recorded. 
Results: Successful calibrations were obtained prior to each series of readings. 
Data from nine patients with | | tumours was obtained. The real part of complex 
permittivity was found to be consistently higher in tumour (50.27. SD: 2.49) 
when compared to normal parenchyma (43.28, SD: 2.18); P< 0.0001. Higher 
readings indicate the ability of tumour tissue to absorb greater microwave 
energy than normal parenchyma. 

Conclusions: Reproducible differences in complex permittivity of tumour and 
normal hepatic parenchyma at 2.45 GHz were found. This data will aid the 
design of future microwave applicators, which will radiate energy more 
efficiently into tumour tissue. This will be achieved using the data gained to 
produce more accurate computer models of the interaction between tissue and 
the electromagnetic field. 
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Evaluation of 1p36 region by FISH — catching the one that almost got 
away! 

R. Achuthan, LM. Carr, S.M. Bell, P. Roberts, A.F, Markham, D.T. Bonthron, 
K.E. MacLennan and K. Horgan 


Department of Surgery, Leeds General Infirmary and The Molecular 
Medicine Unit, University of Leeds, Leeds, West Yorkshire, UK 


Background: There is considerable interest in chromosomal band 1p36, which 
exhibits frequent loss of heterozygosity (LOH) in a variety of human malig- 
nancies, suggesting the presence of a yet unidentified tumour suppressor gene 
(TSG). The faint terminal sub-bands often make cytogenetic analysis of 1p36 
difficult. Small deletions at this locus may therefore be missed on analysis by 
conventional cytogenetics, a hypothesis that we have tested using fluorescence 
in-situ hybridization (FISH) in malignant lymphoma. 

Materials and methods: The cohort consisted of 20 cases of lymphoma of 
various subtypes without any Ip abnormality on G-banded karyotyping. FISH 
was performed using human chromesome | paint and a bacterial artificial 
chromosome (BAC) probe RP4-755G5 localizing to 1p36.33, the most telo- 
meric sub-band cf 1p36. Tumours which demonstrated |p36.33 deletions were 
further analysed by FISH using a second probe from the proximal 1p36 sub- 
band to further define the breakpoint. 

Results: Seven cases of follicular lymphoma (FL), five diffuse large B-cell 
lymphomas (DLBCL), two Hodgkin's disease (HD), three B-cell chronic 
lymphocytic lymphomas (BCCLL), two T-cell and one mucosa-associated 
lymphoid tissue lymphoma (MALT) were analysed. FISH identified 
deletions at 1p36.33 in five of the 20 cases. All of these were DLBCL or 
FL. There was no loss of signal at the more proximal band of 1p36 in any of 
these cases. 

Conclusions: FISH is considerably more sensitive for identifying genetic 
alterations than conventional cytogenetics. Deletion of the distal part of 1p36 
may be a much commoner aberration than previously recognized in lymphoma. 
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Serum testosterone in women with primary operable breast cancer 


S.R. Aspinall, SJ. Stamp, I. Brotherick, D.B. Cook, B.K. Shenton, 
A.B. Griffiths, C.D.M. Griffith, R. Bliss and TW.J. Lennard 


Department of Sargery and Department of Clinical Biochemistry, University 
of Newcastle and Reval Victoria Infirmary, Newcastle upon Tyne, UK 


Background: The preliminary results of the IMPACT trial have shown that 
aromatase inhibitors are the preferred first-line hormonal treatment for 
advanced breast cancer. This raises the question as to the significance of 
circulating testosterone levels in women with breast cancer. 

Method: We have measured serum testosterone and sex hormone-binding 
globulin (SHBG) preoperatively in women presenting with primary operable 
breast cancer and age-matched controls. Tumour androgen receptor (AR) expres- 
sion was measured by flow cytometry on tumour biopsies from 35 patients, and 
serum testosterone levels were correlated with tumour expression. 

Results: 





Total 
Age. — testosterone. Free Tumour AR 

Menopausal mean mean value androgen molecules, 
status Number value (ngmi') P-value index” P-value (fluorescence cell} 
Pre 

Case 13 43.5 AGA 0,09 42 0.4} 6121 

Control 12 43.2 046 3.4. 
Post 

Case 28 56.9 0,59 0.04 2.7 0.013 6950 

Control 17 S67 i.4? 42 





“(Total testosterone in nmol L` 'VISHBG in nmol L” yx 100. 


No correlation was found between serum androgen levels and tumour androgen 
receptor expression, 
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Conclusions: These results suggest that elevated circulating total testosterone 
has a role in the aetiology ef the breast cancer, presumably by conversion to 
oestrogens. The finding of a significantly raised free androgen index in post- 
menopausal controls suggests that ‘active’ testosterone may be protective against 
the development of breast cancer. This is supported by cell line work, which has 
shown a growth-inhibitory affect of androgens on breast cancer proliferation. 


Breast 13 
Serum adrenal androgens in women with primary operable breast cancer 


SR. Aspinall, D.B. Cook, I. Brotherick, A.B. Griffiths, C.D.M. Griffith, 
R. Bliss and T.W.J. Lennard 


Department of Surgery and Department of Clinical Biochemistry, University 
of Newcastle and Reyal Victoria Infirmary, Newcastle upon Tyne, UK 


Background: The role of androgens in the progression and aetiology of breast 
cancer has resurfaced in the light of effective aromatase inhibitors. We have 
measured serum androstenedione, dehydroepiandrosterone sulphate (DHEAS) 
and cortisol in 53 pre- and postmenopausal women with primary operable 
breast cancer and 39 age-matched controls to examine the relationship between 
them, 

Method: Serum was taken preoperatively from patients with primary operable 
breast cancer and age-matched controls recruited from the diagnostic breast 
clinic. Enzyme-linked immunoassays (DRG diagnostics) were used to deter- 
mine serum levels of androstenedione, DHEAS and cortisol. 


Results: 





DHEAS. Androstenedione, Cortisal, 

Menopausal mean value mican value mean value Mean 
status (ngmL °} P-value gml’ P-value (ngmi.”') P-value Number age 
Pre 

Case 2.1 0.02" LS 0.38 16? 0.07 17 44.8 

Control 1.2 1.35 115 17 447 
Post 

Case 1.42 0,33 2il 0.13 1356 0.43 36 58.5 

Comro 1.22 La 125 22 SRY 


Conclusions: We have observed that compared to controls, adrenal androgens 
are elevated in patients with breast cancer. In order to examine whether levels 
were elevated in the patients with breast cancer due to preoperative emotional 
stress, we have measured serum cortisol levels. Cortisol levels were nonsigni- 
ficantly raised in patients with breast cancer compared to controls; however, 
adrenal androgen levels were independent of cortisol levels. These findings 
suggest that elevated circulating adrenal androgens may have a role in the 
aetiology and progression of breast cancer. 
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Differential expression of selectins In a model of hindlimb ischaemia 
reperfusion injury (IRT) 


J. Taylor,’ M. Faughey-Scraggs,! J Salter,? J Russell? D.N Granger? 
and S Homer-Vanniamnkam’ 

Vascular Surgical Unt, The General Infirmary at Leeds, Great George 
Street, Leeds, WYorks LS] 3EX, UK and *Phynology, LSUHSC, 
Shreveport, LA, USA 

Alm: Leucocyte adhesion to the endothelium 1s mplicated ın the pathogenesis 
of IRI in several vascular beds, meluding skeletal muscle The magnitude and 
time course of expression of adhesion molecules such as E- and P-selectin 1s an 
important and rate-limiting step in the pathogenesis of IRI. 

Methods: A dual radiolabelled monoclonal antibody (mAb) technique was 
used to quantify E- and P-selectin expression in (a) rat hindlimbs with 
tourniquet-indnced ischaemia for 4h, followed by 3, 6 or 24h of reperfusion, 
(b) the non-ischaemic hindlimb and (c) the small bowel in rats exposed to IRI 
aod a sham protocol] of IRL 

Results: There was no significant mcrease in E-selectin expression, regardless of 
reperfusion time when compared to sham animals or the non-ischaemic hindlimb 
No E-selectin expression was detected in the small bowel of anmals of esther 
experimental or sham protocois In contrast a significant increase in P-selectin 
expression was observed in the ischaemic limb 3 1, 43 and 1.7ng mAbg™! 
compared to the noo-1schaemuc Imb 0 2,0 1 and 0.1 ng mAb g~', at3,6and24h, 
respectively. P-selectin expression was significantly rused in the small bowel at 
3-h reperfusion: 0 6ng mAb g`! tissue versus 0 Sng mAb g`! tissue for sham 
Conduston: Skeletal muscle IRI 1s associated with a significant increase m P- but 
not E-selectin expression in the injured hindhmb and small bowel. This differential 
reponse may be related to platelet accumulation in tissues exposed to IRI 
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Synergistic effects of rapamycin and tacrolimus are preferential to its 
combination with cyclosporin in the development of intimal 
hyperplasia 

JR. Waller, G.R Bicknell, GJ. Murphy and M L. Nicholson 
Division of Transplant Surgery, Letcester General Hospital, Leicester, UK 


Alms: Allograft vasculopathy remains the leadmg cause of late graft failure 
following heart transplantation. The antiproliferative drug sirolimus has been 
shown to inhibit the development of intmal hyperplasia, a central feature of 
allograft vasculopathy This study arms to aseces the efficacy of dual combina- 
tion of sirolimus and calcmeunn inhibition on the development of intimal 
hyperplasia, reflective of modern clinical immunosuppreasive practice. 
Methods: Male Sprague-Dawley rats were assigned to receive sirolimus 
(0 05 mg kg”! per day) and either tacrolimus (0.1 mg kg~! per day) or cyclos- 
porm (Smgkg~' per day) and compared to an untreated control group All 
animals underwent left common carotid artery balloon angioplasty and were 
explanted at 2 weeks Morphometric analysis was performed on representative 
transverse sections and intima medial ratios calculated using computer-aided 
planimetry. Pro-fibroic gene expression was assessed with competitive RT- 
PCR at 2 weeks for metalloprotemase-2, metalloprotemase-9, TIMP-1, col- 
lagen HI and TGF-B Sections were stained with picro-sinus red and extra- 
cellular matrix deposttion was quantified using an image intensifier 
Results: Sirolimus im combmanon with tacrolimus was associated with the 
greatest reduction in mtumal thickening, median intuma medial ratio 0.68 (range 
036-0 94) compared to treatment with srolimus and both cyclosporin and 
tacrolimus, 1 12 (range | 06~1.68, P<90.032) and untreated controls, 1.47 
(1 02-2 04, P <0 005) Farthermore, treatment with sirolumus and tacrolimus 
significantly attenuated extracellular matrix depomtion compared to srolimus 
and cyclosponn (P < 0.023) 

Conclusion: The synergistic benefits of srolinms in combination with tacro- 
limus are preferennal over those observed with cyclosporin. Randomized tals 
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are warranted to assess 1f tacrolimus should be the primary cakcineurin-inhibitor 
of choice when used m combination with sirolimus. 
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Atheroprotective role of shear forces In superficta] femoral artery 
(SFA) occlosion 


KT Delis, MJ Jackson, NJ W. Cheshrre, JHN Wolfe and AO Mansfield 


Regional Vascular Surgery, St Mary's Hospital, Imperial College School of 
Medicine 

Alm: The course of perpheral artenal occlusrve disease in patents with isolated 
SFA occhuston us berugn. In light of the atheroprotective role of high shear-stress, 
we hypothesized that the haemodynamic and shear-stress alterations in distal 
arteries subsequent to SFA occlusion may confer atheroprotection, we determmed 
the meanshear-siress in the popliteal artery of stable claudicanis with SFA 
occlusion m comparison with normai controls matched for age and sex. 
Methods: We measured popliteal artery diameter, mean velocity [MV] and 
flow [MQ] 2 cm distal to medial femoral condyle, on recumbency, using real- 
time gated Doppler/duplex in 50 lmbs with SFA occlusion and 37 normal 
control limbe Blood viscosity was calculated from plasma viscomty and 
haematocnt. Moean-shear-rate=4MQ/x (Diameter/27, mean-shear-stress 
[dynes cm 7] = mean-shear-rate viscosity. Data presented as median (inter- 


quartiles). 
Results: 

Dem (cm) MV (ans }) MQ (mlmm) Sheer-rate Shear-atrens 
SPA occhaled 0 427 132 103 244 7 

T K 487) (9-15 5) (73-148) (153-3) (25-372) 
Control G514 84 Lil IX 15 

(0 45-0 6) (6-10) (74—1 38) (100-182) (1-2 
P-e P <0 00I P< 0001 NS P<00! P<00] 


Artenopaths’ plasma viscosity [1 83(1 78-1 94)] mPa s~’ was similar to control 
[1 78(1.7-1.97)] mPa s’. 

Condusions: Popliteal artery mean-shear-stress in SFA occlusion is signifi- 
cantly higher than in normals, mamly due to higher MV and smaller diameter 
Our data suggests that enhancement in haemodynamic shear forces distal to 
SFA occhision may act atheroprotectively contnbuting to the benign vascular 
outcome in this pattern of disease 
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Regional variation of microvascular abnormalities in Individuals at 
high risk of developing atherosclerotic arterial disease 


A Abidia, G Kohan and PT McCollum 


Department of Vascular Surgery, Academic Surgical Unit, Hull Royal 
Infirmary & The University of Hull, Hull HU3 27Z, England 

Background: Abnormal microvascular reflexes precede the development of 
peripheral artemal disease; however, regional vanation and the role of such 
abnormalites m dictating the distnbution of arterial disease are less clear We 
aimed to compere the microvascular response to thermal shmulahon in the 
upper limb with the lower limb in mdividuals at msk of developing athero- 
sclerotic arterial disease 

Method: Sixteen subjects with no evidence of peripheral arterial disease were 
recruited for this study and assigned into esther a ngh-risk group (HR) or a low- 
risk group (LR). Laser Doppler flux was measured over the forearm and the 
forefoot of all subjects before and after beating the probes to 44°C 
Results: The meen increase in laser Doppler flux response to thermal stimula- 
tion was 574 per cent m the forefoot and 1564 per cent in the forearm in HR 
group (P = 0 008, Wilcoxon) compared with 1332 per cent and 1301 per cent, 
respectively, in LR group Furthermore, the difference in the response to 
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thermal stimulation between the two groups in the forefoot was significant 
(P= 9.001, Man-Whitney) while the forearm responses were not. 
Conclusion: Microvascular response to thermal stimulation was significantly 
diminished in the lower limbs of subjects at high risk of developing athero- 
sclerouc arterial disease compared with their upper limbs and with low-risk 
subjects. Regional variation in these abnormalities may play an important role 
in the predisposition to and distribution of arterial disease. 
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The influence of peripheral vascular disease on the carotid and femoral 
viscoelastic properties and intima-media thickness in subjects with 
abdominal aortic aneurysm 


Koon-Sung Cheng, A. Tiwari, R. Morris. G. Hamilton and A.M. Seifalian 


Vascular Haemodynamic Unit, University Department of Surgery and 
‘Department of Primary Care and Population Sciences, Royal Free and 
University College Medical School, University College, London and The 
Royal Free Hospital, London NW3 20G, UK 


Background: Aortic and carotid stiffness are elevated in patients with 
abdominal aortic aneurysm (AAA), Failure of aortic compliance to increase 
with size may account for the higher risk of rupture. Peripheral vascular disease 
(PVD) frequently coexists with AAA and may further impair the arterial wall 
mechanics. We stucied carotid and femoral viscoelastic properties and intima- 
media thickness (IMT) in this group of patients at higher mortality risk. 
Methods: The viscoelastic properties and IMT of the common carotid and 
common femoral arteries were determined in 30 AAA patients (15 with PVD) 
using a duplex ultrasound scanner coupled with wall tracking system. Physio- 
logical and biochemical variables were also assessed in these patients 
Results: Patients with both AAA and PVD have significantly stiffer carotid and 
femoral arteries without statistical difference in the IMT. They were matched 
for age, body mass index, systolic and diastolic pressures, heart rate, presumed 
cardiovascular load and plasma creatinine, glucose and lipid concentrations. 





PVD Å Difference in mean 
AAA AAA only (95% Ch P-value 
Viscoelastic index 
CCA. C O@ mmHg |e 107} $2602.00) RTS RRD å = 349 i533 to ~ 1.66) 0.001 
CCA, Ep tmmbtg} 2207 (908) = 1268 (4323 938 (408 to 1469) GREI: 
CCA, Ë 22.7 (9.63) 12.6 (4.24) 10.1 {4.6 to 15.7) CH 
CFA, Ci% mmHg Te 107) OOAD 4641218)  -0.55 (-2.74t0 163) Qel 
CFA. Ep GnmHg) 4906 (4057) 2599 (1169) 2307 (74 w 4540) 0.0433 
CRA. B 39.0 40.0; 26.1 (13.23 23.0 (0.65 to 45.3) 0.044 
intima-media thickness 
CCA imm} GRO (0.28) 0.69 (0.25) OFE (-0,07 to 0.30) 0.22 
CEA imm) 1.07 (0.33) O89 (423 0.9 C—O. ta hazy O19 





Conclusion: Reduced carotid and femoral compliance in subjects with PVD 
and AAA may indicate not only greater cardiovascular risk but also increased 
risk of aortic expansion and rupture. This may account for the highest mortality 
seen in this group of subjects in the UK small aneurysm trial. 
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In vivo geometric features of femoral bypass distal anastomoses 


MJ. Jackson, Y. Papaharilaou, S. Giordana, C.D. Bicknell, V. Zervas, 
SJ. Sherwin, DJ. Doorly, J. Peiro, N.J.W. Cheshire and C.G. Caro 


Regional Vascular Unit, St Mary's Hospital, London, and Departments of 
Bioengineering and Aeronautics, Imperial College, London, UK 


Aims: Abnormal haemodynamic conditions are implicated in the development 
of anastomotic myointimal hyperplasia (MIH). We have investigated in vivo 
infer-patient variation in the geometry of distal graft anastomoses, which may 
strongly influence local flow conditions, MIH formation and clinical outcome. 


Methods: The distal anastomotic geometry was acquired in vive by 2-D or 3-D 
time of flight MR angiography from 10 patients undergoing infrageniculate 
autologous venous bypass ai a median 2 weeks postoperatively. Four patients 
underwent repeat examinations [3-49 days later. Computer generated 3-D lumen 
surface reconstructions of the anastomosis were produced and lumen centrelines 
were extracted. Geometric features including angles between graft and proximal 
host (a), graft and distal host (B), and proximal and distal host (y) were calculated, 
Diameter ratios between the graft and host vessels were calculated from the cross- 
sectional areas of the three vessels at the reconstructed anastomosis boundaries. A 
preliminary distal anastomotic planarity index (API) is introduced (for planar 
anastomoses API = Q) and was evaluated for the patient population studied. 
Results: 





Mean SDB 


Angles (degrees) 


a] 28 101 41.6 20.3 

B 144 177 163. 0.9 

y 113 175 148.4 16.3 
Diameter ratios 

Proximal host/graft 0.35 0.79 0.56 0.16 

Distal host/graft 0.41 0.96 0.59 0.16 


Anastomotic planarity index (APD 0.04 





Good agreement was found between the distal anastomotic angles in the initial 
and follow-up examinations. The differences in the angles varied between | and 
10 degrees with a mean of 4.3 degrees. 

Conclusions: In the early postoperative period distal graft anastomoses exhibit 
wide variations in angles g, B, and y, diameter ratios, and planarity. The reporte 
relauionship between local haemodynamics and MIH suggests that these 
geometric features may play a role in MIH development. 
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Breaking symmetry: the influence of non-planar configuration on distal 
anastomotic flow patterns in infra-inguinal bypass grafts 


R.K. Fisher, T.V. How, M. Hoedt, J.A. Brennan and P.L, Harris 
Department of Clinical Engineering, University of Liverpool, UK 


Objectives: Evidence suggests an inverse relationship between wall shear 
stress (WSS) and distal anastomotic myointimal hyperplasia (MIH), the 
commonest cause of bypass graft occlusion. Anastomotic configuration influ- 
ences flow patterns and WSS, impacting upon anastomotic techniques. The aim 
of this study was to analyse the influence of non-planar distal anastomoses. 
Methods: Contrast enhanced CT scans of distal anastomoses, with three 
dimensional reconstruction, enabled subjective analysis of in vivo non-planar 
configuration. / vitro flow visualization studies and laser Doppler anemometry 
(LDA) were performed using anastomotic models reflecting these configura- 
tions, perfused with glycerol blood analogue under physiological conditions. 
Results: The in vivo angle between graft and recipient artery ranged from 0 to 
45 degrees. /n vitro flow patterns were altered by an angle of 30 degrees or more 
with the characteristic vortical flow pattern of a Miller cuff deviated away from 
the mid-line. In the proximal and distal outflow segments a helical flow pattern 
occurred, extending severa! diameters distance down the vessel. LDA velocity 
vector mapping corroborated the presence of helical flow within the run-off 
vessels, in direct contrast to symmetrical flow patterns observed within planar 
models. Out-of-plane configuration within the 5 cm of graft immediately 
proximal to the distal anastomosis was critical, with no observed influence 
on flow patterns imparted by more proximal deviation. 

Conclusion: /n vive non-planar configuration depends in part upon the 
tunnelling of the graft, and can therefore be influenced. Non-planar anastomotic 
configurations >30 degrees induce helical outflow patterns which may bene- 
ficially increase WSS, thereby potentially inhibiting MIH. 
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Vascular endothelial growth factor (VEGF) expression in chronic 
critical limb ischaemie: a human study 


S. Choksy, Y El-Wajeh and P. Chan 


University of Sheffield and Sheffield Vascular Institute 

Although the angiogenic cytokine vascular endothelial growth factor (VEGF) 
has been used to stimulate angiogenesis in human ischaemic limbs, the 
endogenous expression of VEGF in patients with critical limb ischaemia 
(CLI 1s unknown Skin and muscle biopmes were obtained from the proxuma! 
amputation site, the foot and areas adjacent to gangrene/ulceration in 21 
patients undergoing leg amputations for CLI As controls, skin and muscle 
were obtained from individuals undergoing amputation for congenital defor- 
mity (n = 3), and skin was collected from individuals dunng breast reduction 
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surgery (n=5) Total RNA was extracted and VEGF gene expression was 
detected by RT-PCR. In CLI patents, VEGF was detected in all nine skin 
samples taken from areas adjacent to the ulcer/gangrene site, and most skin 
and muscle samples obtained from the thigh (skin, 4/6, muscle 6/6), calf (skan, 
12/16, muscle 12/15} and foot (skin, 15/20; muscle 8/11) VEGF was 
detectable in all nx muscle samples from the calf and foot of patients with 
congenital leg deformity, but in only 1/6 skin samples It was not detectable in 
breast skin (0/5). The proportion of skm samples in which VEGF gene 
expression was detectable was higher in patents with CLI (Fishers Exact 
P=0.0002, CLI versus controls) The observation that VEGF expression is 
detectable in patients with CLI, suggests that any clinical effects that VEGF 
gene therapy might have may not be mediated via a reversal of deficient VEGF 
production The clinical significance of the low-level VEGF expresmon 10- 
duced by gene therapy transfection approaches requires further consideration 
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Functional outcome and quality of life after repeat ileal pouch-anal 
anastomosis (IPAA) for septic and functional complications of ileo-anal 
surgery 


J. Baixauli, C.P. Delaney, FH. Remzi, J.S. Wu, LC. Lavery and V.W. Fazio 


Department of Colorectal Surgery, Cleveland Clinic Foundation, 
Cleveland, OH, USA 


Aims: Although septic and functional complications may cause IPAA failure. 
[PAA disconnection with repeat IPAA (R-IPAA) successfully manages these 
conditions. Experience with R-IPAA is reported, including functional results 
and quality of life. 

Methods: One hundred patients had laparotomy with ileo-anal disconnection 
and R-IPAA, 80 referred from other institutions. Indications included: chronic 


(n= 22), dysfunctional S-pouch exit conduit (n= 36), and previous IPAA 
excision (# = 6), Four patients had Crohn's disease diagnosed before R-IPAA, 
while 15 Crohn’s cases were diagnosed postoperatively. 

Results: Twenty-seven new pouches were fashioned, and 73 pouches were 
reused. Ninety-seven had a temporary ileostomy, Seventy-nine had ileostomy 
closure to date, and three had no ileostomy. Eighty-two per cent of these patients 
had a functioning pouch, 32.3 months postoperatively. Two patients were re- 
diverted and 13 had their pouch excised. The 5-year pouch survival rate was 74 
per cent (Kaplan-Meier), better for ulcerative than Crohn's colitis (79 per cent 


nonseptic indications, or between using a new or repaired pouch. Patients had a 
mean of 8.4 + 3.9 stools day” |. 
tinent. Faecal seepage occurred in 50 per cent during the day, and 69 per cent at 
night. Quality of life was 8.24 1.6, quality of health was 8.0+ 2.0, and 
happiness with surgery was 9.0+ 2.0 (out of 10). A total of 97.3 per cent 
would undergo R-IPAA again, and 98.6 per cent would recommend it to the 
others. 

Conclusions: R-IPAA is a valid alternative for patients with IPAA failure, 
including controlled septic conditions. Although pouch failure occurs more 
frequently with R-IPAA, patient satisfaction is high. 


Forty-two per cent were never/rarely incon- 


Six of the Best, Colorectal 18 
Interventional MRI-guided surgery for anal fistulae 
T. Agarwal. B. Patel, L Dillon, W. Gedroyc, A. Darzi and S.W.T. Gould 


Academic Surgical Unit, Department of Anaesthesiology and 
Interventional MRI Unit, St Mary's Hospital, London, UK 


Aims: To determine whether MRI-guided anorectal surgery was possible and to 
develop the necessary imaging and surgical techniques to perform image- 
guided anal fistula surgery. 

Materials and methods: A total of 34 patients. 7 with pilonidal sinus and 27 
with suspected anal fistulae were recruited into the study. Pilonidal sinus 
surgery was done as a preliminary procedure prior to performing the more 
technically demanding fistula procedures. All the procedures were performed in 
the Signa SPIO 0.5T interventional MRI. Intraoperative imaging, primarily 
STIR sequences, was used to identify the anatomy and extent of all fistula tracts 
and septic foci and to ensure the adequacy of the procedure. 

Results: In all patients with pilonidal sinus surgery, intraoperative imaging 
demonstrated the inflammatory changes associated with the lesions and the 
adequacy of the operation. Imaging failed to demonstrate a fistula in two 
patients, confirmed by examination under anaesthesia. In the 25 patients in 
whom a fistula tract or abscess cavity was demonstrated, a postprocedural MRI 
was done to assess the adequacy of the procedure. Three patients required 
further surgery, as the intraoperative MRI images demonstrated an incomplete 
procedure, not obvious on inspection of the surgical field. 

Conclusion: MRI-guided surgery for anal fistulae is a feasible option, as it 
demonstrates the exact anatomy of the primary and secondary tracts and 
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abscesses during the procedure and confirms that all pathology has been 
adequately addressed surgically. In the future, it may be particularly useful 


for recurrent and complex anal fistulae. 
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Fistula-in-ano surgery is not a realistic index procedure for training 
M. Katory, P. Goodfellow, D. Fletcher, LJ. Adam and A.J. Shorthouse 
Colorectal Unit, Royal Hallamshire Hospital, Sheffield, UK 


Aims: The ACGBI have identified four index procedures for training and 
suggests the minimum numbers to achieve competency. For fistula-in-ano (FIA) 
surgery tis number is 30. No recommendation of what proportion should be 
‘complex’ FIA has been made. The central unit in our region has a regional 
referral practice for complex FLA. This provides an ideal opportunity to assess 
exposure of HSTs to complex FIA. 

Method: We reviewed the notes of all patients referred for FIA surgery over an 
[8-month period using the unit’s prospective audit databse. Fistulas were 
analysed using Parks’ classification. 

1. Subcutaneous (simple) 

Intersphincteric (simple) 


‘ae Et 


Intersphincteric + abscess or secondary track above the dentate line 
(complex) 

4. Transsphincteric at the dentate line or above (complex) 

5. Transsphincteric + abscess or secondary track (complex) 

6. Supra-sphincteric (complex) 

7. Extra-sphincteric (complex) 

Results: Eighty-five operations for FIA were performed. Twenty-nine of 58 
patients with simple FIA (50%) and 13/27 patients with complex FIA (48%) 
were operated on by higher sargical trainees. An average of 57 FIA operations 
per year were performed, 39 simple and 18 complex. Trainees performed 19 and 
9 of these respectively. 

Conclusion: Over a period of | year this colorectal unit provided 93% of 
the minimum number of FIAs for trainees to achieve competency levels as 
defined by the ACPGBI. However, most were simple with complex fistulas 
requiring significant consultant input. The competency of colorectal HSTs 
required to manage ‘complex’ FIA as independent practitioners remains 
uncertain without the availability of more detailed guidelines on what con- 
stitutes a complex FIA and the degree of exposure to these procedures during 
training. 
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Whole-body FDG-pet for surgical staging of colorectal liver metastases 
D.L. Francis, T.H. Arulampalam, D. Visvikis, D.C. Costa, PJ. EN and 

1, Taylor 

Department of Surgery and institute of Nuclear Medicine, Royal Free and 
University College Medicai School, London, UK 


Aims: Surgical resection is the only potential cure for patients with colorectal 
liver metastases (CLM), bet patient selection relies on accurate preoperative 
staging. The aim of this study was to assess the accuracy of routinely using 
whole-body FDG-PET (WBPET) for preoperative staging of patients being 
considered for resection of CLM. 

Methods: A prospective study of patients referred for possible hepatic re- 
section was undertaken. Patients were initially staged by spiral CT and subse- 
quently underwent WBPET. These modalities were considered independently 
before findings were compared and a decision regarding patient management 
was made. Accuracy of each modality was compared with histology, clinical/ 
radiological follow-up or operative findings if appropriate. 

Results: Twenty-nine patients were recruited. Ten solitary CLM were correctly 
identified by both WBPET and CT. Nineteen patients had multiple CLM or 
extrahepatic disease, of these CT correctly staged seven patients (36 per cent), 
understaged 10 patients (53 per cent) and overstaged two (11 per cent). WBPET 
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cosrectly staged 18 patients (95 per cent) and overstaged just one (5 per cent). 
WBPET was more sensitive and specific (100 and 92 per cent, respectively) for 
detecting multiple CLM and extrahepatic disease compered to CT (41 and 83 
per cent). As a result of routne WBPET, patent management was altered in 10 
patients (34 per cent), of whom four (14 per cent) avoided inappropriate surgery 
Condusions: WBPET is both more sensitive and specific m the preoperative 
staging of CLM, and we recommend its mctusion in the management algorithm 
of all pahents being considered for hepatic resection Altered patient manage- 
ment such as avoiding inappropmate laparotomy may also ultimately lead to 
financial savings. 
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Intravenous versus intrahepatic arterial SFU/leucovorin for colorectal 
Iiver metastases: preliminary results of a randombred trial 


I. Taylor on behalf of the MRC and EORTC Colorectal Cancer Groups and all 
the participants 


Department of Surgery, Royal Free and University College Medical 
School, London, UK 


Alms: Intrahepatic arterial (THA) therapy should deliver higher doses of drag to 
the lrver with reduced overall systemic exposure. An IHA regimen was 
designed which used the same drugs and schedule, and achieved similar toxicity 
and steady-state venous SFU levels as the standard de Gramont IY regimen 
Patents with advanced colorectal liver metastases were randomized to eather [V 
or THA. 

Methods: In total 290 patients were randomized from 16 centres in 6 years 
The mechan age was 62 years, 70 per cent were male, 68 per cent had colon 
cancer. Of the 145 patients allocated to IV, 14 per cent did not receive any 
allocated therapy, but 78 per cent received six cycles of chemotherapy Of the 
145 THA patients, 37 per cent did not start and only 35 per cent recesved sıx 
cycles. The addrtronal problems in the IHA group were inability to insert the 
catheter, or infected, leaking, or blocked catheters. Of the patients who did not 
receive six cycles of IHA therapy, 52 per cent switched to IV therapy Similar 
levels of toxicity and quality of life were reported in both arms. 

Results: There was no clear evidence of a difference in progreason-free 
survival (HR 0.90, 95 per cent Cr 071-1 16; P=0 42) or overall survival 
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(HR 103, 95 per cent Cl: 079-133, P=0.85) From randomization 
median, and estimated l- and 2-year survival were 141] months in both 
groupe, and 60 and 57 per cent, and 26 and 22 per cent for IV and IHA, 
respectively. 

Conclusions: This trial suggests that there 1s no obvious role for this IHA 
regimen in the management of hepetic metastatic colorectal cancer 
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Effectiveness of a rapid-eccess rectal biceding clinic in the prevention 
and treatment of colorectal cancer 

S Balachandra, G Moens-Suff and W.G Sheridan 

Department of Surgery, West Wales General Hospital, Carmarthen, UK 
Alms: To audit the effectrveneas of a Rectal Bleeding Clmic (RBC) in detecting 
premalignant colonic lesions and earty colorectal cancers. 

Methods: All 1175 consecutive patients referred to the RBC from November 
1997 to September 2001 were assessed by detailed history, clinical examination 
and flexible sigmoidoscopy Those with neoplastic lesions diagnosed on flexible 
ngmoidoscopy underwent subsequent colonoscopy The final definitive histol- 
ogy of cach patent was confirmed from the histology department database 
which was also used to identify a control group of consecutive patients with 
colorectal cancer diagnosed in conventional outpatients’ clinics 

Results: One hundred and thirty eaght patients (11 7 per cent) had ngnificant 
neoplastic lesions Of these, 88 had adenomatous polyps and 50 patents had 
irvasive cancer Of the invasrve cancers, 18 (36 per cent) patients had Duke’s A 
lesions, as compared to 16 per cent of the control group of patients coming 
through conventonal clinics durmg this period Sixteen patients (8.1 per cent) 
aged 40-49 years were diagnosed as having neoplastic lesions (10 with 
low-grade dysplasia, one with high-grade dysplasia and five with invasive 
cancer) 

Conduslons: A mpid-access RBC enables detection of a higher proportion of 
potentially curable early colorectal cancers than conventional clinics in addition 
to a large number of premalignant lesions which can be treated endoscopically 
with subsequent colonoscopic surveillance Our findings in the 40-49 years age 
group lead us to question the wisdom of a mmimum age for these clinics of 
50 years as practiced in some centres 


59 


ASGBI-. Six of the Best, Genera! 19-24 


ASGBI: Six of the Best, General 19-24 
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Reduction in junior doctors’ hours: implications for surgical training 
K.N. Ogston, J.R.C. Logie and J.L. Duncan 

Department of Surgery, Raigmore Hospital, Inverness, UK 


Aims: Hours of work of junior doctors have been progressively cut over the last 
few years, while the period of surgical training has remained fixed and as a 
result there are concerns that surgical trainees are not receiving adequate 
training. We studied the impact of changing on-call rota to a partial shift rota 
on the operative experience of junior surgeons in a district general 
hospital. 

Methods: We retrospectively looked at operative experience (excluding 
endoscopies and minor procedures) gained over 8 months. For the first 
4months, junior staff consisted of four specialist registrars (SPR) and one 
senior house officer (SHO) working a one in five on-call rota contracted for 
72h week” |. In the following 4 months, junior staff consisted of four specialist 
registrars and two SHOs (one additional SHO covering nights and weekends) 
working a partial shift rota contracted for 64h week ' The total number of 
operations performed (elective and emergency procedures) were recorded by 
analysis of trainees log books. 

Results: The resulis are summarized below. Specialist registrars’ total opera- 
tive experience declined by 10 per cent: elective procedures declined by 11 per 
cent and emergency procedures declined by Sper cent. No significant differ- 
ences were seen in difficulty of operation or level of supervision. SHOs 
experience increased, but not as much as expected given that two were 
employed compared to one in the first period. 








SPRs SHOs 
Total Elective Emergency Elective Emergency 
Period | 712 498 138 58 18 
Period 2 687 443 13] 81 32 


Change -55 (11%) ~7 (5%) +23 (40%) +14 (77%) 


Total change ~62 (10%) +37 (49%) 





Conclusion: The reduction in hours has made a significant impact on operative 
training exposure tor specialist registrars. 
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A comparison of operative experience for basic surgical trainees in 1992 
and 2000 


D.G. Ross, C.A. Harris and D.J. Jones 
Department of Surgery, Wythenshawe Hospital, Manchester, UK 


Aims: To compare the operative activity of two first-year basic surgical 
irainees working in comparable district general hospitals in 1992 and 
2000. 

Methods: Prospectively collected operating log-book data was compared for 
the first 15 months of general surgical training of a BST in 1992 to that of a 
similar trainee in 2000. Both elective and emergency cases were analysed. The 
surgical speciality and the trainees’ role in the case were recorded. Several index 
operations were also compared. 

Results: Emergency case numbers were similar (145 in 1992 and 133 in 
2000}, however, the elective workload was almost halved (435 in 1992 
and 225 in 2000). The trainee in 1992 assisted, was supervised and 
performed more operations, in al! grades of procedure, than the trainee in 
2000 (Table 1), as a result the trainee in 2000 spent the majority of his 
time assisting cases but the trainee in 1992 had moved on to be the principal 
operator, 
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Tabie | 





Assisted Supervised Performed 
1992 221 138 76 
2000 153 68 4 





The trainee in 1992 had a greater exposure to most surgical subspeciaities 
than the trainee in 2000 (Table 2). 


Table 2 





General Upper GI Lower GI Vascular Breast 
1992 171] 66 74 91 33 
2000 79 48 24 15 62 





In all index procedures (appendicectomy, varicose veins, hernia and upper GI 
endoscopy), the 1992 trainee did appreciably more. 

Conclusions: The emergency workload was similar, however, the elective 
workload was reduced by 48 per cent, resulting in a reduction in the training 
available to the 2000 trainee. Training in 1992 was more ‘general’ compared to 
2000. 


Six of the Best, General 2! 
Emergency surgeon-perfermed hepatobiliary ultrasound 


MLR. Kell, N. Aherne, C. Coffey, C. Power, W.O. Kirwan and 
H.P. Redmond 


Depariment of Surgery, Cork University Hospital, University College 
Cork, Cork, Ireland 


Aims: Acute hepatobiliary pathology is a common general surgical emergency, 
and diagnosis requires imaging of the biliary tree by ultrasound. Herein, we 
examine the accuracy and impact of surgeon-performed ultrasound (SUS) on 
the diagnosis of emergent hepatobiliary pathology. 

Methods: This prospective study, over a 6-month period, enrolled all patients 
with symptoms or signs of acute hepatobiliary pathology. Patients provided 
informed consent and underwent both SUS and standard radiology-performed 
ultrasound (RUS). SUS was performed using a 2-5 MHz broadband portable 
ultrasound probe by two surgeons trained in ultrasound and RUS using a 2- 
5 MHz fixed unit. SUS results were correlated with RUS and pathological 
diagnoses. 

Results: Fifty-three consecutive patients received a total of 106 ultrasound 
investigations. SUS agreed with RUS in 50 of the 53 patients (94.3 per 
cent). SUS accurately detected cholilithiasis in all but two cases and no 
patients were inaccurately diagnosed to have cholilithiasis at SUS (95 per cent 
sensitivity and 100 per ceat specificity). As an overall complimentary diag- 
nostic tool, SUS provided the correct diagnosis in 94 per cent of the patents. 
Time to scan was significantly shorter following SUS (3.07h versus i2h, 
P < 0.05). 

Conclusions: SUS offers excellent alacrity in the diagnosis of emergency 
hepatobiliary pathology. SUS may be a useful adjuvant in the emergency 
management of hepatobiliary disease. 
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Complex liver trauma: a 10-year experience 


R.D. Brammer, S.R. Bramhall, D.F. Mirza, A.D. Mayer, D. Candinas, 
P. McMaster and J.A.C. Buckels 


The Liver Unit, Queen Elizabeth Hospital, Birmingham, UK 


Aims: To show that most liver trauma can be managed conservatively and that 
early abdominal CT reduces the frequency of operative treatment in nonspe- 
cialized centres which carries a high mortality, 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


Methods: We retrospectively analysed data from 52 consecutive patients 
referred to the Queen Elizabeth Hospital, Birmingham over a 10-year period to 
identify best practice in the management of these injuries, 

Results: The majority of injuries occurred as a result of road traffic accidents. 
Seventy-five per cent of the patients were stable at presentation to the referring 
hospital. In 70 per cent of the patients, the liver injury was a component of 
multiple trauma. USS, CT and no radiological investigation were used in the 
referring hospital in 35, 48 and 17 per cent, respectively. Operative management 
was undertaken in the referring hospital in 50 per cent of patients. The overall 
mortality in the series was 21 per cent and increased with increasing grade of 
severity. The mortality in patients managed operatively at the referring hospital 
was 31 per cent and in those managed conservatively was 15 per cent (P = ns). 
The median time from arrival to surgery in the referring hospital was 4h in 
haemodynamically stable patients and 3h in haemodynamically unstable 
patients. 

Conclusion: Our data suggests that the majority of cases of liver trauma may 
be managed conservatively and that operative management in nonspecialized 
units carries high mortality and morbidity. Abdominal injuries should raise a 
high index of suspicion of liver injury, and abdominal CT should precede 
laparotomy (even in some haemodynamically unstable patients) to facilitate 
early discussion with a specialist centre. 
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Magnetic resonance-guided surgery for resection of soft-tissue tumours 
B. Patel, T. Agarwal, S.W.T. Gould, W. Gedroye and A. Darzi 


Academic Surgical Unit and Department of International Radiology, 
St. Mary’s Hospital, London, UK 


Aim: Evaluate role of intraoperative image guidance in soft-tissue sarcoma 
surgery. We describe a method of determining adequate resection margins with 
intraoperative MRI in seven patients. 

Patients and methods: This preliminary report describes seven patients with 
soft-tissue sarcomas who underwent MR-guided excision of their lesions. MR 
excision was performed using titanium instruments and an ultrasonically 
activated scalpel. After resection of the lesion, further MRI sequences 
confirmed complete excision with clear margins. The skin was closed primarily 
in each case without the need for any plastic reconstruction. 

Results: All seven procedures were undertaken without anaesthetic or surgical 
complication. Pre-procedure MR in all cases demonstrated that the lesions were 
considerably more extensive than was apparent from clinical examination. 


Br. J. Sure. Vol RO Surni 1 tine 92009 


ASGBI: Clinical Practice 01-08 


Immediate postexcision imaging in all cases confirmed complete excision. The 
rapidity of the scanning preceded the development of local oedema at the 
surgical site, which would also have produced high signal. Histological 
examination confirmed clear surgical margins. 

Conclusions: MR-guided surgery may reduce the incidence of local recur- 
rences and specimen margins positive following resection and ensures complete 
removal of all malignant tissue at a single procedure, which can be tailored to 
the tumour extension thus reducing the amount of noninvolved tissue removal. 
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Conscious pain mapping using laparoscopy under local anaesthetic and 
sedation 


M.G. Tytherleigh, R. Fell and A. Gordon 


Departments of General Surgery and Anaesthetics, Wexham Park Hespital, 
Slough 


Aims: Patients in whom extensive investigations have failed to identify the 
cause of abdominal pain present a challenge to surgeons. We present our initial 
experience of using laparoscopy under local anaesthetic and sedation in the 
diagnosis of chronic abdominal pain. 

Methods: Nine patients with chronic abdominal pain and multiple normal 
investigations underwent laparoscopy under local anaesthetic and sedation. By 
touching and grasping intra-abdominal viscera and peritoneum, an attempt was 
made to reproduce the patient's pain. 

Results: Two patients were found to have pain arising from the gall bladder and 
subsequently underwent laparoscopic cholecystectomy with resolution of their 
symptoms. A third patient had a clinical presentation of chronic acalculous 
cholecystitis and a normal laparoscopy. She decided to undergo laparoscopic 
cholecystectomy, which cured her pain. Another patient had pain arising from 
the appendix, which resolved after an appendicectomy. Another patient had 
pelvic adhesions and after adhesiolysis is pain free. One patient declined 
surgery for adhesions, which produced chronic pain and another patient had 
adhesions secondary to an appendicectomy but did not cause any pain at the 
time of her laparoscopy. Another patient awaits a repeat laparoscopic adhe- 
sidlysis. One patient had a normal laparoscopy and a gastroenterologist has 
made a diagnosis of irritable bowel syndrome. 

Conciusion: Laparoscopy can be carried out in the awake patient, who is then 
usually able to differentiate the type of pain experienced during conscious pain 
mapping. Long-term effectiveness and diagnostic accuracy has not yet been 
established, 
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Upper GI 19 
Major liver resection in the elderly 


N. Ahmad, K.V. Menon. S.W. Fenwick, K.V. Ravindra, N. Pearce, 

K.R. Prasad, G.J. Toogood and J.P.A, Lodge 

The Hepatobiliary Unit, St James's University Hospital, Leeds, UK 

Aims: The safety of major liver resection is improving with advances in 
surgical techniques and anaesthesia. We assessed the morbidity and mortality 
with major liver resection in patients over the age of 70 years. 

Methods: Between 1993 and 2001, over 500 patients underwent major liver 
resections. Of these, 55 (resection of three or more segments) were performed in 
the elderly. ASA grade, intraoperative blood transfusions, length of intensive 
care (ITU) and hospital stay, morbidity and in-hospital mortality were recorded 
prospectively. 

Results: Fifty-five patients (median age 73 (70-85) years, M:F = 23:22) under- 
went a major liver resection, the vast majority for colorectal liver metastases 
(colorectal: 42; hepatocellular carcinoma: 8; cholangiocarcinoma: 1, benign: 
4). The median ASA grade was 2 (1-3). Only a third of patients had blood 
transfusion, median 3 (1-11) units. There were five in-hospital deaths (9 per 
cent) — four deaths were in the early period (n = 20, 1993-1997) and only one 
death in the latter period (7 = 35, 1998-2001). Major morbidity was seen in 20 
patients (36 per cent) (cardiac: 5; respiratory: 5; gastrointestinal bleed: 3; 
transient liver failure: 3; cerebrovascular accident: |; intra-abdominal collec- 
tion: 1; small bowel fistula and obstruction: 1). Only five patients needed ITU. 
The median hospital stay was H (5-139) days. 

Conclusion: Major hepatic resection can be safely performed in the elderly 
with low morbidity and mortality. However, these patients need careful cardiac 
and respiratory assessment, as these are the major causes for morbidity in the 
postoperative period. 
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Extending right-sided liver resection — how far can we go? 
K.V. Menon, N. Ahmad, KR. Prasad, G.J. Toogood and J.P.A. Lodge 


The Hepatobiliary Unit, St James’s University Hospital, Leeds, UK 


Aims: In hepatic right trisectionectomy (previously, trisegmentectomy), it is 
sometimes necessary to extend the resection to the left of falciform ligament to 
achieve tumour clearance. We have assessed the outcomes following such 
extended resections. 

Methods: Between 1993 and 2001, 112 patients underwent right trisection- 
ectomy for malignancy. In 37 of these patients, resection extended to the left 
of falciform ligament (30: colorectal; 4: sarcoma: 2: neuroendocrine, 1: 
oesophageal). These resections were either contiguity or as a segment 2/ 
3 metastasectomy. (M2, M3 or M2 +3). In contiguity (IC) resections of 
either segment 2 (C2) or 3 (IC3) or both (IC2 +3) were done to achieve 
tumour clearance, Postoperatively, hver function was monitored for at least 
| week. 


Results: Of the 37 patients who underwent a right trisectionectomy extending 


2 or 3 metastasectomy alone (median 2 (1-5) metastases]. The median hospital 
stay was 10 (6-23) days. There was one (2.7 per cent) in-hospital death. Three 
patients developed bile leak and two had postoperative haemorrhage that 
needed re-exploration. Thirteen patients (35 per cent) had transient 
hepatic dysfunction. Five patients died from recurrent disease and two from 
other causes. Twenty-nine patients are currently alive. five with recurrent 
disease, 

Conclusion: Right-sided liver resection can be extended across the 
falciform ligament safely, enabling clearance of the tumour with acceptable 
mortality. 
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Inoperable hepatocellular carcinoma treated with transcatheter 
arterial chemoembolisation (TACE): an analysis of prognostic factors 
in 5-year survivors 


C.B.O. Súilleabháin. R.T.-P. Poon, G.C. Ooi, W.-K. Tso, J.L. Yong 
and S.-T. Fan 


Centre for the Study of Liver Diseases, Departments of Surgery and 
Radiology, University of Hong Kong Medical Centre, Queen Mary 
Hospital, Hong Kong, China 


Aim: To evaluate the long-term survival benefit of TACE in patients with 
inoperable hepatocellular carcinoma and determine prognostic factors by 
analysis of actual 5-year survivors. 

Methods: Pretreatment variables were analysed from a prospective database 
of 335 consecutive patients from January 1989 to December 1996. Univariate 
and multivariate analyses were performed to identify factors predictive of 
5-year survival. 

Results: Complete 5-year follow-up (median 91 months) was obtained on 320 
patients (275 males) who underwent a mean of 3 TACEs (range 1-41) for 
inoperable HCC. Median age was 59 years (range 19-83). The majority were 
Child-Pugh grade A (81 per cent). Median tumour size was 9cm (1-28 cmi. 
There were 98 (30.6 per cent) 1-year and 36 (11.3 per cent) 3-year survivors, 
Among the 25 (7.8 per cent) S-year survivors, survival ranged from 60.7 
to 138.8 months (median 72.3 months) and tumour size from | to 2fcm 
(median 5.3 cm), with eight tumours greater than 10 cm. On univariate analysis, 
female gender {P = 0.037), absence of ascites (P = 0.028), platelet count 


< 1000 ng mL “TIP =: 0.007), absence of venous invasion (P = 0.011), unilobar 
distribution (P = 0.027), less than three tumours (P= 0.015). and tumour 


fetoprotein <!000ng mL! (0.014) were independent predictors of 5-year 
survival on multivariate regressiona! analysis. 

Conclusion: Five-year survival is possible in patients with inoperable hepa- 
tocellular carcinoma. Poor prognosis ts associated with a bilobar distribution. an 


function. 


Upper GI 22 


Routine magnetic resonance cholangiopancreatography and 
intraoperative cholangiogram in the evaluation of common bile duct 
stones 


S.J. Dalton, 5. Balupuri and J. Guest 
Department of Surgery, Wansbeck Hospital, Newcastle upon Tyne, UK 


Background: Magnetic resonance cholangiopancreatography (MRCP} is a 
safe and sensitive investigation for the imaging of common bile duct pathology. 
When used to exclude common bile duct (CBD) stones MRCP may obviate the 
need for intraoperative cholangiogram (IOC). In this prospective study, we 
looked at the single centre results of patients who underwent cholecystectomy 
with LOC following preoperative MRCP. 

Methods: Over a period of | year, 69 patients (24 male and 45 female), mean 
age 59 (range 19-86) years were investigated by MRCP prior to cholecystect- 
omy. All patients underwent IOC. Inclusion criteria for MRCP consisted of 
derangement of liver function tests and/or history of jaundice in cases of US 
proven cholelithiasis. 

Results: Sixteen (7 = 69) had suspected stones or filling defects on MRCP. all 
but two of these were confirmed to be stones on IOC. In only one patient was a 
stone visualized on IOC and not seen on MRCP. 
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Conduslons: MRCP may be the only preoperatrve investigation needed 


for exclusion of CBD stones, obviating the necessity for mtraoperative 
cholangiogram. 
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Pancreatico-biltary reftux and cystic duct morphology: relation to 
common bile doct stones and endoscopic sphincterstomy 

S Tranter, M Thompson, M Gillett and L Biddlestone 


Department of Surgery, Department of Biochemustry and Department of 
Histopathology, Southmead Hospital, Bristol, UK 


Alms: Endoscopic sphincterotomy (ES) may result in bile duct malignancy m 
the long term’ reflux of pancreatic enzymes into the bile duct may be con- 
tibutory To test this hypothesis, we assessed the degree of pancreatico-biliary 
reffux and associated biliary mucosal inflammation in patients with and without 
bile duct stones (CBDS) and after sphincterotomy 

Methods: Bile was aspirated via cystic duct cannulation m 65 patients 
undergoing laparoscopic cholecystectomy + ductal exploration. The quantity 
of chymotrypsin, lipase and amylase was measured in cach sample Comper- 
isons were made between the following sx patient groups: those with no current 
or previous CBDS (a = 14), patients without pancreatitis who had passed CBDS 
(n=7), patents with pancreatitis with previous CBDS (n=7), patients with 
curent CBDS (n= 23), and patients who had undergone a previous ES, with 
(n=7) and without current CBDS (n= 7). The degree of cystic doct miam- 
mation was assessed for each patient by a histopathologist blmded to the climcal 
history. 

Results: Patients with no previous CBDS and those without pancreatitis with 
previous CBDS had negligible biliary concentrations of pancreanc enzymes 
and no cystic duct mucosal mflammation Patients with current CBDS had 
mildly elevated amylase/lipase concentrations (4.1/2.2 actrvity units mL~') and 
neghgible cystic duct inflammation In contrast, patients who had undergone 
ES (4CBDS) and those with recent pancreatitis had a moderate degree 
of cystc doct inflammation and higher amylase/hpase concentrations 
(24/162 activity umts mL! P<005 after ES, 136/61 8 activity units mL! 
P <0 001 after pancreatitis). Chymotrypsin was only detectable in patients who 
had pancreatits (6 activity units mL‘) 

Condusions: High concentratons of pancreatic enzymes are only found m 
bile after a recent attack of acute pancreatitis and subsequent to ES. in both 
cases, there 1s associated mucosal inflammanhon. These changes may contribute 
to the late sequelae of ES 
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Minimally invasive thoracoscopic splanchnicectomy (MITS) for pain 
secondary to chronic pancreatitis: a prospective audit 

CBO Súlleabháin, N Menezes, CJ McKay, C R. Carter and C W Imne 


Laster Department of Surgery, Glasgow Royal Infirmary, Glasgow, 

Scotland, UK 

Alm: To prospectively evaluate the short- and medium-term response to 
bilateral thoracoscopic splanchnicectomy in a consecutive series of patients 
with pain secondary to chronic pancreatitis (CP) 

Methods: All pahents completed a 10-point visual analogue pain scale (VAS) 
and a detailed analysis of analgesic requirements was made before surgery, 
l day after surgery and at 6, 12, 24 months and yearly thereafter. 

Results: In 44 (26 males) of 68 patients undergoing MITS, the mdication was 
CP (aicobol 73 per cent, idiopathic: 20 per cent, familial 7 per cent). The 
median age was 43 5 years (23-68 years) Twelve patients (27 per cent) had 
undergone previous pancreatic resection, 17 (39 per cent) a pancreanc dramage 
procedure and 2 (4 per cent) a coeliac axis block Bilateral splanchnicectomy 
was completed m 42 patients (95 per cent). Frve patents had intrathoracic 
bleeding, one required a thoracotomy, the remamder were managed success- 
folly thoracoscopscally Follow-up was available on 42 patients Mechan follow- 
up was 2 years (6-60 months) Median hospital stay was 2 days (1-19 days) 
Ninety-six per cent of patients required regular daily opioids prior to splanch- 
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mcectomy The median preoperatrve VAS was 9+0 16 and was ngmficantly 
reduced on the first postoperatrve day (VAS 214045, P< 0.0001). At 6, 12 
and 24 months, the median VAS remamed mgnificantly lower (P <0 0001, 
respectively) However, patients requiring daly opioid analgesics rose 
from 22 per cent at 6 months to 39 per cent at 1 year and 54 per cent at 
2 years. 

Condusion: MITS offers substantial short-term reef from pain m patients 
with chronic pancreatitis The longer term benefits do not appear as good, 


although the cycle of opioid dependency is often broken. 
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Laparoscopic ultrasound is capable of replacing operative 
cholanglography 

S. Tranter and M Thompson 

Department of Surgery, Southmead Hospital, Bristol, UK 

Alms: Intraoperative cholangiography (IOC) 1s ume consuming, requires 
radiation and somebmes faila, in contrast to laparoscopic ultrasound (LUS), 
a comparatrvely quick, safe and noninvasrve technique. All previous studies 
comparing LUS to IOC were not blmded we have rectified that weakneas by 
blinding the observer. 

Methods: LUS and subsequently IOC were performed on 135 paheots 
undergoing laparoscopic cholecystectomy by different operators blinded to 
the patient details. Biliary anatomy and ductal stone data were collected 
prospectively A positive finding from elther technique resulted mn laparoscopic 
duct exploration recording the presence (m 49 cases) and nomber/aze of the 
ductal stones (CBDS) 

Results: LUS adequately visualized the extra-hepatic biliary tree in 98 per cent 
of cases compared to 83 per cent for IOC. A total of 19/23 JOC failures related 
to difficult cystic duct cannulaton. LUS correctly identified stones m 48/49 
patients with no false positive findmgs (LUS sensitrvity: 98 per cent; specificity 
100 per cent, PPV: 100 per cent; NPV: 99 per cent). IOC accurately demon- 
strated CBDS ın 44/49 patents with only one false postive demonstranion (IOC 
senaittvity 90 per cent, specificity 99 per cant, PPV 98 per cent, NPV 94 per 
cent) Both LUS and JOC underestimated the total number of stones in 21 per 
cent of patents. LUS accurately determined the stone size in 95 per cent of 
cases and IOC m 89 per cent of cases. 

Conduslons: LUS had a higher success rate of bile duct visualizahon than 
IOC, was a more sensitive and specific method of detecting CBDS, and is 
comparable to IOC m detecting the sure and number of the CBDS. LUS 1s 
therefore a satisfactory alternative to cholangiography m the detection of ductal 
stones 
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Clinical and quality-of-life outcomes during tri-modality treatment for 
ocsophageal cancer 

JM. Blareby, J Nicklin, C.P Barham, SJ Falk’ and D Alderson 


University Division of Surgery and ‘Department of Oncology, Bristol 

Royal Infirmary, Bnstol, UK 

Alms: Neo-adjuvant chemoradiation before surgery for oesophageal cancer us 
degigned to downstage loco-regional disease and increase the chance of cure. 
Because this intensrve tn-modality approach may have major toxicity, increase 
operative risks and impact on quality of life (QoL), this study exammed clinical 
amd QoL outcomes dunng neo-adjuvant treatment for ocsophageal cancer 
Methods: Between November 2000 and December 2001, 26 patients with 
loco-regional (stage IWI) oesophageal cancer commenced treatment with 
infusional chemotherapy and radiotherapy followed by oesophagectomy. QoL 
was assessed using the QLO-C30 and QLQ-OES24 before treatment, and at 7 
and 12 weeks during neo-edjuvant treatment, before surgery and 6 weeks after 
surgery 

Results: A total of 19 out of 26 completed to-modality treatment (two 
postoperative deaths), seven (27 per cent) did not proceed to oesophagectomy 
(four deaths, two disease progression, one detenorating general bealth) Func- 
tional aspects of QoL (physical, social and emotional well beang) deteriorated 
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during neo-adjuvant treatment, stabilized before surgery then fell again in the 
early postoperative phase, Most symptom scores worsened during neo-adjuvant 
treatment except for difficulties with eating, which improved. Six weeks after 
surgery, all symptom scores were the same or worse than at diagnosis. 
Significantly better physical function scores (P = 0.005) and less problems 
with dysphagia (P = 0.009) were reported by patients who completed three 
treatment schedules than by patients who did not proceed to surgery. 
Conclusions: Tri-modality treatment is associated with significant mortality, a 
quarter of patients do not undergo oesophagectomy and QoL during the neo- 
adjuvant and surgical stages deteriorates markedly. These major problems must 
be offset against any potential long-term survival benefits. 


Upper GI 27 

Quantification of FDG-PET scans in patients with oesophageal and 
gastric cancer. A study of 40 patients 

G.W. Couper, D. McAteer, F Wallis, A. Welch, M. Norton and K.G.M. Park 
Departments of Surgery, Biomedical Physics and Radiology, University of 
Aberdeen and Aberdeen Royal Hospitals NHS Trust 


Aims: Positron emission tomography is increasingly used in the detection, 
staging and assessment of response fo therapy in patients with upper GI cancer, 
but no agreement exists on the method of quantification of scans to allow 


comparison of results. Quantification can be achieved by the calculation of 
simple ratio measurements, uptake values or more complex influx constants, 
and we aim to determine which method of quantification is required to obtain 
useful clinical information. 

Methods: A total of 40 patients underwent FDG-PET imaging. All patients 
underwent static imaging with the calculation of tumour/liver ratios (TLR) and 
standardized uptake values (SUV) for quantification. Nineteen patients had both 
static and more complex dynamic imaging, allowing in addition the calculation 
of K, the influx constant of FDG. A total of 16 patients had PET scans pre- and 
post-chemotherapy. 

Results: FDG-PET detected 39 of 40 lesions, not detecting an area of linitus 
plastica in one patient. Correlation coefficients were calculated between 
methods of quantification. A correlation coefficient of 0.92 existed between 
TLR and SUV. Agreement was poor between TLR and SUV compared with K- 
values (0.51 and 0.41). In contrast, the correlation coefficient was 0.9 between 
TLR and K-value quantification when detecting change in activity following 
chemotherapy. Changes in activity ranged from a 15 per cent increase to a 
complete response following chemotherapy. 

Conclusions: FDG-PET is reliable in the detection of upper GI tumours. It 
shows great potential in the noninvasive detection of response to chemotherapy, 
and this can be achieved by a shorter imaging time and less complex calculation 
of tumour/liver ratios. 
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Audit 01 


An audit of varicose vein surgery: the patients’ perspective 


KM. Reddy, P.S. Sains, HIS Jones and JK Derodra 

Department of Vascular Surgery, Mayday University Hospital, Surrey, UK 
Alms: To identify patients’ reasons for requesting varicose vein surgery and 
therr subsequent satisfaction of surgical outcome in order to identify measures 
for improvement. 

Methods: A questionnaire was sent to 404 patients who underwent 
surgery for vanicose veins over a 2-year period from August 1994 to July 
1996 under the care of a single vascular consultant Information was requested 
regarding preoperative symptoms and satixfachon with regard to the outcome of 
surgery 

Results: A total of 335 (83 per cent) patients (F = 248, M = 87) completed the 
questionnaire. The symptoms identified were aching (59 per cent) and appear- 
ance (54 per cent), itching by 33 per cent, acute pain by 24 per cent, ulcers for 7 
per cent and 22 responders reported swelling, phlebitis, eczema, bleeding and 
restlessness. Eighty-one patents (24 per cent) presented with recurrent varicose 
vems. There were 69 (21 per cent) patents dissatisfied following 
surgery Patients with ulcers preoperatrvely were satisfied (92 per cent) We 
found significantly higher dissatisfaction rates among females (24 per cent 
versus |] per cent P <0.025), those having bilateral surgery, those whose 
operation was performed by jumor staff, those who notced complications of 
surgery (29 per cent, P < 0 005), those who did not find an improvement in their 
symptoms postoperatively (75 per cent, P<00005) and those who were 
dissatisfied with the explanation given pror to surgery (61 per cent, 
P <0 0005) 

Conduslons: The majonty of patients are satisfied with the result of varicose 
vein surgery We have identified modiflable factors that may inflpence satisfac- 
hon. We suggest that supervision of junior staff and provision preoperatively of 
mfocmation on the cosmetic outcome of varicose vein surgery and the expected 
postoperative course may improve overall satisfaction. 


Audit 02 


Mixteading mortality data in league 
K Gull, P. Clarke and C.R R. Corbett 


Department of General Surgery, The Princess Royal Hospual, Haywards 
Heath, West Sussex RHI6 2EH, UK 

Alm: Surgeons cannot ignore league tables: in 2001 we received only one star in 
the Department af Health league table. A contributory factor was an excess of 
in-hospital deaths and the Trust asked us to look at mortality rates in general 
Surgery. 

Methods: Hospital Episode Staustcs are derived from patient administration 
system (PAS) and an outside firm comperes our performance agamsi a ‘peer 
group’ We have our own departmental database. Scrutiny of the data presented 
by the outside firm for the years 1999/2000 and 2000/2001 raised concerns. 
Specifically, there was a higher than expected death rate ‘postprocedure’ (48/64 
total deaths) The 48 deaths represented 1.54 per cent of all admussions, 
comparing bedly with 1.11 per cent in the peer group (77=4.59, P< 005) 
This demanded a review of all case notes, computer records and all diagnostic, 
procedure and operanon codes 

Results: Only 26/64 of the reported deaths were truly postoperatrve The 
22 excess deaths (48—26) had procedures such as 1v administration of 
morphine or antibiotics, transfusion, insertion of CVP line, urethral catheter- 
ization, fine needle biopsy of mass and diagnostic arteriography These deaths 


were wrongly interpreted as postoperative, despite DoH definitions Our total 
death rate (2.05 per cent) and the true postoperative death rate (0.83 per cent) 
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were lower than in the peer group (2 10 and 1 11 per cent), but not significantly 
different 
Condustons: We conclude that clmicians must be more closely 
uivolved in preparing these data They are the basis for submismons to 
NCEPOD, so the error us repeated and the work of our department ıs denigrated 
nationally 


Audit 03 


The surgical acute care unit: an effective method of reducing intensive 
care demand with no adverse effect on mortality 


L Loftus, MJ Bown, S. Chelamkun and R D. Sayers 
The Department of Surgery, Leicester General Hospital, Leicester, UK 


Alms: Surgical acute care units (SACU) are being established for the care of 
patents who do not meet cntena for admission to infenstve care or high 
dependency units, but require more care than can be candy provided on a normal 
surgical ward The aim of this study was to audit the workload, case-mim and 
mortality during the 6 months of a SACU 

Methods: A retrospective case-note review of all patients admitted to the 
SACU over a 6-month period was performed The patients’ demographics, 
admission source, diagnosis, discharge destination and mortality rates were 
recorded In addition, POSSUM scores were calculated for each patent and the 
P-POSSUM equation applied to estimate predicted mortality. Results are 
expressed as mean (SD, range). 

Results: A total of 131 patents were admitted during the 6-month period (43 
female, 33 per cent) for a mean duration of 2.9 days Sixty-three (48 | per cent) 
were admitted from the critical care wards and 46 (35.1 per cent) directly from 
theatre. Those admissions from theatre included 14 patents who would 
previously have required high dependency care in the mutial postoperative 
period (nine carotid endarterectomues and four subtotal colectomies), The mean 
POSSUM phynology and operative severity scores were 22.0 (8 9, 13-53) and 
17.6 (5 64, 8-32), respectrvely Mean predicted mortality was 14.3 per cent 
(0 7-88.8), whilst actual in-hospital mortality was 6.1 per cent (caght patients) 
Condusion: The Surgical Acute Care Unit reduces the demand on scarce 
critical care resources with no adverse effect on mortality 


Audit 04 
The role of national guidelines in surgical andit: endocrine surgery in 
southeast Scotland 


O. Quaba, L.P Marson and D. Lee on behalf of the Endocrine Surgeons 
of Southeast Scotland 


Department of Surgery, Ward 10, Royal Infirmary of Edinburgh, UK 

Alms: Following publication of ‘Guidelines for the Management of Endocrine 
Disease’ by the Brush Association of Endocrine Surgeons (BAES) in Novem- 
ber 2000, this study sums to determine the number of surgeons within southeast 
Scotland performing endocnne surgery, their awareness of and adherence to 
guidelines 1 year after publication. 

Methods: Questionnaires were circulated in December 2001 to all surgeons 
performing thyroid surgery, involving questions related to knowledge of guide- 
lines and current practice Specific key guideline recommendations were 
compared to practice in two groups of surgeons: (a) those with a copy of 
the guidelines, and (b) those without Results of questionnaires were discussed 
at a regional meeting with an external contributor 

Results: Twelve surgeons from aght hospitals performed 196 thyroidectomies. 
All participated in the study Six surgeons were members of BAES and had a 
copy of the guidelines One nonmember also had a copy. 
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Comparison of management in surgeons with and without national guidelines 





Guidelines No guidelines Fisher's test 
Preoperative calcium 76 (88% } 14 (47%) P < 0.0001 


Postoperative calcium 56 (93%) 15 (100%) NS 


Fine needle aspiration 84 (68%) 12 (40%) P = 0.0064 
Recurrent laryngeal nerve 191 (98%) 34 (67%) P< 0.0001 
Isotope scan it (13%) 34 (30%) P = 0.048 








Percentage of those with/without guidelines complying with recommendation 


is shown. 


Conclusions: This study has demonstrated significant variation in surgical 
practice between those with access to national guidelines and those without. 
For guidelines to be effective, all surgeons undertaking endocrine surgery 
must have access to them. Provision of guidelines forms one part of the audit 
process. 


Audit OS 


Late presentation to hospital continues to be the major cause of 
testicular loss following torsion 


M.LA. Mansoor, L-E. Hunt and S.W. Hosking 
Department of Surgery, Poole Hospital NHS Trust, Poole, Dorset 


Aims: Our previous audit of testicular torsion showed late presentation to 
hospital as the major cause of testicular loss in patients with torsion. Two years 
after issuing referral guidelines to local GPs, a reaudit was undertaken to 
determine if referral practice had changed. 

Methods: A retrospective case note review of all patients who underwent 
scrotal exploration for testicular pain as an emergency between June 1999 
and June 2001 


audit. 


was undertaken. The method was identical to our first 


Results: Forty-four patients were identified, of whom 14 had torsion. Twenty- 
eight patients presented to their GP initially; nine of these had torsion, and five 
(56 per cent) required orchidectomy. The median time to presentation after 
onset of testicular pain was 12h (range 6-120h; Ch: 95 per cent). Sixteen 
patients presented to A/E; of these five had torsion and one (20 per cent) 
required orchidectomy, The median time to presentation was & h (range 4-72 h: 
Cl: 95 per cent). These results are almost unchanged from our first audit. All 
patients were operated on within 6h of admission to hosptal. 


Source of referral in relation to symptom duration 





Time of presentation AE AE GP GP 

after onset of pain (number) (%) (number) (Ge) Total 
<Oh 7 70 3 30 10 
6-i2h : 24 13 76 17 

> 42h 5 29 12 71 17 
Total 16 28 Ad 


(Aen Aan ee im hart A AAAA AAAA EEA a m h eine NSARM iAH SA AHH rE a n e 


Conclusions: Late presentation to hospital of patients with pain is still 
the chief cause of testicular loss from: torsion. GP guidelines alone appear 
insufficient: improved health education leading to prompt self-referral is also 
required, 


Audit 06 


Most gastrointestinal cancers are diagnosed outside of the 
*2-week wait’ referral guidelines 


E.C. Makin. A.D.N. Scott. J.S. Jameson and LM. Loftus 
Department of Surgery, Glenfield Hospital NHS Trust, Leicester, UK 
Aim: The 2-week wait fast-track referral guidelines for suspected GI cancers 


were introduced in July 2000. The aim of this study was to assess the cancer 
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diagnosis rate within the 2-week wait system compared to conventional 
referrals | year after their implementation. 

Methods: A prospective observational study of all patients referred to an 
endoscopy unit during a calendar month. 

Results: A total of 144 lower GI and 177 upper GI examinations were 
performed during the study period, of which 28 were 2-week wait referrals 
(14 lower GI and 14 upper GI). Sixteen colorectal and five upper GI cancers 
were diagnosed, mostly outside of the 2-week wait system as shown in the 
following Table. 





2-week wait referrals Other referrals 


Colorectal cancers 12/130 


4/14 
Upper GI cancers i714 4/163 
Total 5/28 16/293 





Conclusion: The majority of patients diagnosed with GI malignancies are not 
identified according to the 2-week wait criteria. The criteria for the 2-week wait 
referral may need to be reassessed in the light of these results. 


Audit 07 


The surgical risk scale as an improved tool for risk-adjusted analysis in 
comparative surgical audit 


R. Sutton, S. Bann, S. Sarin and M. Brooks 


Department of Surgery, Watford General Hospital, Vicarage Road, 
Watford, Hertfordshire, UK 


Aims: Comparative surgical audit is increasingly important and although 
methods have been proposec to allow for meaningful comparisons of patient 
outcome, none have been described without faults. making this comparison 
flawed or overtly complicated. An alternative risk scoring system incorporating 
the CEPOD grade (confidential enquiry into perioperative deaths), the ASA 
grade (American Society of Anesthesiologists) and the BUPA operative grade 
was formulated and assessed. 

Methods: Prospective audit of 4308 patients admitted under the care of three 
surgeons between May 1997 and October 1999, creating an initial data set of 
3144 procedures with 134 deaths. Each procedure allocated a score on the basis 
of the CEPOD, BUPA and ASA grade to devise a surgical risk scale (SRS) by 
adding together the values of the three variables, generating a scale ranging 
from 3 to 14. Multivariate logistic regression analysis involving the three 
variables and univariate analysis of the SRS score were undertaken. Receiver 
operating characteristic and calibration curves were formulated. This process 
was validated on another data set (2780 patients) derived from all admissions to 
the same surgeons between November 1999 and December 2000. 

Results: Univariate logistic analysis of the SRS score revealed it to be 
significantly predictive of death (b = 0.84, P < 0.001) and did not overpredict 
mortality for low-risk procedures. 

Conclusions: The SRS is easy to use, formulate and interpret. It provides an 
accurate prediction of mortality in general surgical patients across the enure 
‘risk’ spectrum. 

Audit 08 

How bright are surgeons and their X-ray viewing practice? 

B.N. Appleton, J.A. Gostling, G.R.ILC. Blackshaw and W.G. Lewis 
Institution Department of Surgery, Royal Gwent Hospital, Newport, Wales, UK 
Aims: Despite the wide assumption that an X-ray viewing box provides the 
ideal illumination, doctors on post take ward rounds frequently use any 
available light to view X-rays. arguably resulting in errors of interpretation. 
We assessed the strength of agreement between the interpretation of emergency 
X-rays by the duty surgical team, utilizing the nearest light (ceiling fluorescent 
tube or window), with that of the consultant radiologist’s definitive X-ray report 
(utilizing light box). 
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Methods: The abdominal (AXR) and chest (CXR) X-rays of 100 consecutive 
paheats admitted as surgical emergencies, and necessitatmg emergency radi- 
ology, were studied prospectively. The strengths of agreement between the 
surgeons’ interpretations and the radiologists’ reports (taken as ‘gold standard’) 
were determined using the weighted kappa statistics (x,). Disagreements were 
chased and clinical relevance assessed 


Results: 
AXR CXR 
Sensitrvity (%) 95 75 
Specificity (%) 79 97 
Posttrve predictive value (%) 75 86 
Negative predictive value (%) 96 93 
Ky (95% CI) 071 (0.51-0 91) 0.75 (0 48—1 0) 


Surgeons performed well, kappe statistics showmg excellent agreement with 
radiologists’ interpretations The mayor difference m AXR findings was the 
ideatuficatton of faecal loading, which surgeons diagnosed more often Treat- 
ment of thess ‘false poattrves’ often yielded an excellent clinical result For 
CXR interpretation, radiologists found more pathology than surgeons, but none 
were found to be relevant and, when a surgeon identified an abnormality, ıt was 
almost universally confirmed on reparting. 

Conduston: Surgeons on a busy ward round utlizmg any light source match 
radiologists using an X-ray box when asseasing radiological findings. The 
routine reporting of any emergency X-ray (and resultant loss from ward in many 
cases) may not be necessary. 
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Audit 09 
Management of recurrent ioguinal hernia is not N.LC.E. 
S.K Richards, JJ. Earnshaw and MLN. Vipond 


Department of Surgery, Glowcestershire Royal Hospual, UK 

Alms: There ıs little good evidence available on the management of recurrent 
inguinal hernias, despite this, the National Institute of Clinical Excellence 
recently suggested that laparoscopic repair is superior. This study was a review 
of recurrent berma repars performed in a district general hospital by mx 
consultant surgeons 

Methods: A case note review was performed of all mgumal berma recurrences 
from 1991 to 2001 inclusive. Some 171 cases were examined, 92 per cent of 
those identified on database The average age af recurrence was 64 years and 4 
per cent were women. Some 49 per cent of the original operations had been 
performed locally and promary operation notes were available. In these, the 
original repeir type was open nylon repair in 54 per cent, open mesh repeur in 18 
per cent and laparoscopic repair m 8 per cent 

Results: Recurrence was seen more frequently on the nght (61 per cent) than 
the left (39 per cent). Herma recurrence was managed by open mesh technique 
in 63 per cent and laparoscopically un 22 per cent of patients. Complication rates 
were highest after emergency repair — all of these hermas were repeured by open 
methods with a complication rate of 50 per cent and one death In electrve 
repair, complication rates were simular after meah repair (15 per cent) and 
laparoscopic repair (11 per cent) The length of stay in the two groups was 
comparable at 12 and 1 3 days, reapectrvely A single recurrence was seen in 
each group 

Condustons: This 10-year experience demonstrates equivalent results for 
laparoscopic or open repair of recurrent hernias refuting current NICE. 
guidelines. A large randomized controlled trial is necessary to compere 
methods of repair of recurrent inguinal hernia 
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Impact of surgery on growth and development in children with 
inflammatory bowel disease 


G. Singh-Ranger, M.J. Lamparelli, D. Kumar, S.K.F. Chong and S.G. Mitton 


Departments of Colorectal Surgery and Paediatrics at St. George’s 
Hospital NHS Trust, and Department of Paediatrics at Epsom and St. 
Helier Hospital NHS Trust, London, UK 


Aims: Inflammatory bowel disease (IBD) in children is associated with 
significant growth retardation. We have assessed the effects of surgery on 
height and weight velocity in children with IBD. 

Methods: We have prospectively collected data for nine children (2 F, 7 M) 
with a mean age of 13.25 years (range 6.9-15.3 years) refractory to medical 
management for IBD. This group (seven Crohn’s and two ulcerative colitis) had 
IBD for a mean duration of 43 months (range 4-72 months) prior to surgery. 
Height and weight velocity was calculated from measurements recorded at 
intervals 6 months prior to, at the time of and 6 months following surgery. All 
subjects were being treated with systemic/topical steroid or azathioprine/6MP 
or cyclosporine for at least 6 months before surgery. 

Results: There was a significant change in both height and weight velocities 
following surgical intervention (see Table). 


n=9 Height icm month °) Weight (kg month” t) 
Mean preop velocity 0.19 -0.05 

Mean postop velocity 0.52 0.74 

Velocity change 0.33 0.79 

Confidence interval 0,1 1—0.52 0.17-1.41 
Sigmficance <00 <0.05° 





“Paired t-test. 


Conclusions: At present, surgical intervention in children with IBD is used as 
a last resort measure despite compromise in growth and development. These 
data show a significant improvement in growth rates following surgery sug- 
gesting that early surgical intervention may be more appropriate in children 
with IBD. 
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Detection of circulating tumour cells at 24h after primary resection 
predicts colorectal cancer recurrence 


TEK. McCullough, AJ. Evans, A.J. Hanna, R.Q. Wharton, H. Patel and 
T.G. Allen-Mersh 


Department of Surgery, Faculty of Medicine, Chelsea and Westminster 
Hospital, Imperial College of Science, Medicine and Technology, London, 
UK 


Background: Recurrence develops in 35 per cent of node negative, but not in 
32 per cent of node positive colorectal cancer patients and thus use of node 
status to identify patients for chemotherapy is uncertain. Circulating tumour cell 
(CTC) detection at 24h after primary resection is associated with adverse 
tumour stage. 

Aims: To determine whether CTCs are significantly associated with recurrence 
and whether addition of CTC information improves the accuracy of node status 
in predicting recurrence. 

Methods: At 24h after primary tumour resection, 3 x 14mL blood samples 
were taken through preflushed cannulae. Following RNA extraction, RT-PCR 
was performed to detect carcinoembryonic antigen (CEA) and cytokeratin 20 
(CK20) mRNA. A positive result required either to be positive in any of the three 
samples. Patients were followed up for a median of 922 days (SD = 712-1307) 
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by outpatient clinical examination with serum CEA measurement and 
6-monthly abdominal ultrasound scanning. 
Results: 





CTC status 
(n = 99 patients) 


Node status 
(n = 128 patients) 





Negative Positive 
Dukes A+B Dukes’ C Negative Positive 
No recurrence 62 15 50 
P < 0.0001 P < 0.0001 
Recurrence ii 40 3] 8 





Both node status and CTC information was available for 96 patients (35 
developing recurrence). Logistie regression analysis selected CTC positivity 
before node status as a recurrence predictor (P< 0.0001). Node positivity 
identified 30/38 (79 per cent; 95 per cent Cl=66-92 per cent) of 
patients developing recurrence. The use of either CTC or node positivity as 
a recurrence predictor increased this to 37/38 (97 per cent; 95 per cent CI = 923- 
100 per cent). 

Conclusion: CTC detection at 24h after primary colorectal cancer resection 
predicted disease recurrence. Addition of CTC information increased the 
accuracy of primary tumour node status in identifying patients requiring 
chemotherapy. 
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Endosonography and anal manometry assessment of third-degree tears 
and correlation with symptoms of incontinence 


A. Lyons, A.S. Gee, J. Taylor, M.D. Read and M.E. Lucarotti 


Department of Surgery and Department of Obstetrics and Gynaecology, 
Gloucestershire Royal Hospital. Gloucester, UK 


Aims: To assess anal sphincter structure and functional outcomes following 
third-degree perineal tears and the effect of its disruption on the development of 
anal incontinence. 

Methods: Fifty-one consecutive patients, 41 primigravidae and 10 multi- 
gravidae, with third-degree intrapartum perineal tears, primarily repaired, were 
recruited 4 months postpartum. Patients completed questionnaires assessing 
faecal incontinence. Anal manometry and endosonography were then per- 
formed. 

Results: No patient reported incontinence prior to pregnancy. The incidence of 
faecal incontinence was 12 per cent. Six patients were incontinent of faeces and 
10 incontinent of either flatus and/or fluid. Eighty-one per cent of anal 
incontinent patients were primigravidae (OR 0.96). Three women had previous 
third-degree tears, with one anal incontinence on subsequent delivery. Disrup- 
tion of the external anal sphincter (EAS) was identified endosonographically in 
26 patients. In 13 patients, there was an associated internal anal sphincter GAS) 
defect. Clinically unsuspected tears of the Anal sphincter mechanism were 
diagnosed by anal endosonography in 46 per cent of asymptomatic patients. The 
EAS alone was involved in 14, LAS in three, and both in five patients. Clinical 
examination of women with anal incontinence identified an anal sphincter 
defect in 46 per cent. Ultrasound in anal incontinent patients showed an [AS 
defect in 42 per cent and an EAS defect in 52 per cent. All patients with faecal 
incontinence had a disruption of the EAS identified by endosonography 
(P < 0.05). No significant relationship was demonstrated between symptoms 
and anal manometry {P = 1.0, a.s.). 

Conclusions: Third-degree tears cause significant, although clinically unsus- 
pected anal sphincter defects. It may be that anal manometry alone is not 
sufficient to exclude sphincter injury. 
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Open access colonoscopy and radiology service: an alternative to 
specialist clinic for fast track referrals? 

D Viten, A Hollowood, L. Camey and AR Dixon 

Department of Colorectal Surgery, Frenchay Hospital, Bristol, UK 

Alms: Government guidelines stipulate thet by July 2000 everyone with 
suspected colorectal cancer (CRC) will be able to see a specialist within 
two weeks of their GP referral. Open access barium enema (BE) and colono- 
scopy for patients fitting the critena for fast track referral has been suggested as 
a potential solutron to relieve pressure on specialist clinics 

Methods: Between March 2000 and December 2001, data were prospectively 
collected on all patients seen in the colorectal specialist climc via fast track 
referrals. None of the patients m our study were referred directly for BE or 
colonoscopy 

Results: A total of 420 patients were seen m the clinic Fifty-one patents (12 
per cent) were found to have CRC, 113 (269 per cent) had other conditions 
considered differential diagnoses of CRC. In 55 (126 per cent) patents 
significant other pathologies unrelated to the large bowel were identified. Of 
those patients, 14.5 per cent had a gynaecological malignancy, 7 2 per cent had 
prostate cancer and a further 14 5 per cent bad other forms of malignancy. A 
total of 27.7 per cent of patents with noncolorectal diagnoses presented with 
medical problems, four of which necessitated urgent admission These pathol- 
Ogies were not diagnosed on BE or colonoscopy; 49 per cent were diagnosed at 
their clinic visit 

Conduslon: There are a large number of inappropriate referrals through the 
fast track referral system and only 37 per cent of all CRC were referred via this 
pathway. The expenence in our inshtition suggests that the referral cntera for 
the fast track system are neither specific nor sensitive and our data suggest that it 
is not safe to offer an open access colonoscopy and radiology service as an 
alternative to a specialist clmic. 
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Time for open access colonoscopy? A retrospective study comparing 
diagnostic yleld from GP colonoscopy referrals with colonoscopy 
referrals from outpatient clinics 

H E]-Wakee] and TH. Walsh 

St Mary’s Hospital, Isle of Wight, UK 


Alms: The number of colonoscopies performed us mereasing, raising the 
question of whether a more open access approach to colonoscopy is desirable 
Methods: A retrospective companson of consecutive colonoscopy referrals 
for simular indications dunng 1998, from a rapid access colonoscopy clinic 
RACC, n = 100) and outpatient clinics (OPC; n = 100) Deta collected; referral 
mncications, diagnosis and complications 

Results: RACC: 82 per cent had a colonoscopy. In 3 per cent, a banum enema 
was considered appropnate and 15 per cent were not conndered as 
needing colome investigation Of the 15 per cent, none had a colonoscopy 
por was colonx pathology diagnosed subsequently. Overall, the positive 
diagnostic yield was 52 per cent (diverticular disease 31 per cent, inflammatory 
bowel disease 10 per cent, polyp 7 per cent, colorectal cancer 4 per 
cent). Rate of completion was 91.5 per cent OPC. all underwent 
colonoscopy. The positrve diagnostic yield was 52 per cent (diverticular 
disease 23 per cent, inflammatory bowel disease 7 per cent, polyp 15 per 
cent, colorectal cancer 6 per cent, ‘other’ I per cent) Rate of completion was 
95 per cont There were no complicahons requinng bospitalization in either 
group. 

Conduslons: Indications for referral and diagnostic yield were comparable to 
those m the literature, with no difference in diagnostic yields between the two 
groups (confidence interval 95 per cent = 44.8-59 | per cent) There was no 
significant difference in pomtrve findings between the two groups (diverticular 
disease P = 0 20, inflammatory bowel disease P = 0.45, polyp P =0 07, colo- 
rectal cancer P = 0 52). Detailed outpatient assessment of GP colonoscopy 
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referrals does not improve the diagnostic yield nor reduce the complications, 
and together with evidence from the literature, this supports the argument for 
moving towards open access colonoscopy. 


Colorectal 28 


Early feeding post major colonic surgery: why we should all be doing it 
JJ. Smith, P Mathur, CC Burke, S. Ramesh and P.M. Dawson 


Colorectal Surgical Unit, West Middlesex Hospital, Twickenham Road, 
Isleworth, Middlesex TW7 GAF UK 


Alms: Gastrointestinal surgery results in increased intesunal permeability 
increasing morbidity and mortality This study focuses on very carly foedmg 
post major colomc resection and how it influences outcome 

Methods: Sixty-seven consecutive patients undergoing colonic resection were 
entered into the study Patients m the early feeding group (43) were allowed free 
fluids (plus external supplements) immediately following surgery Patents in 
the control group were treated in the ‘traditional’ fashion of awaiting resolution 
of bowel sounds and passage of flatus before free fluuds were commenced There 
were 30 women and 37 men aged 26-90 (median 67) years 

Results: The two groups were comparable by age, sex rato, CEPOD status 
and ASA grade Patients m the ‘early’ group were toleratmg free flaids at O 65 
(0-2) days compared to the ‘traditional’ group at 2 17 (1~9) days (P < 0.001) 
Time to ‘normal’ diet was 3.42 (0-9) days in the ‘early’ group and 5.58 (2- 
15) days in the ‘tradinonal’ group (P<0.001) Complicanons included four 
major (including one leak, 1 MT) and three minor ın the ‘early’ group and eight 
major (includign three leaks, 1 MI) m the ‘traditional’ group (P= 0.127) The 
‘early’ group had one death from systemic sepeis, and there were two deaths 
from systemic sepsis in the ‘traditional’ group (P =0 045). Time to discharge 
was 14 (5-44) days in tbe ‘early’ group and 22 (7-73) days in the late group 
(P =0 006) 

Conclustons: Early feeding by the enteral route reduces septic complications, 
inpatient mortality and significantly reduces mpatient stay, all of which have 
significant economic benefits 
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Development of a molecular metastasts index for colorectal cancer 
S.A Bustin, S Siddiqi, R Feakins, NS Williams and $ Dorudi 


Barts and the London, Queen Mary’s School of Medicine and Dentistry, 
London, UK 


Alms: A significant proporbon of colorectal cancer pahents undergomg curative 
surgery develop treatment failure despite the absence of microscopie metastases 
in their lymph nodes (LN). Use of quantitative realtime RT-PCR allowed 
the development of a novel, more sensitrve molecular metastasis index (MI) 
Methods: This study was approved by the local Research Ethics Committee 
with informed consent obtained from the patent prior to surgery Total RNA 
was prepared from lymph nodes after surgery for non-malignant (n=17 
patents, 143 LN) oc malignant disease (n =48 patients, 448 LN, 30 of which 
were histologically posiuve) The 5’-nuclease RT-PCR assays were performed 
in tnplicate, on an ABI Prism 7700 detecting cytokeratin 20 (ck20), carci- 
noembryomc antigen (CEA) and guanylyl cyclase C (GCC) mRNA. Absolute 
mRNA copy numbers were calculated using amplicon-specific standard curves 
Results: Specificity In patents with benign disease, GCC, ck20 and CHA were 
detected in 17, 76 and 124/143 LN, respectively Sensitivity. In patents with 
histologically involved LN, GCC, ck20 and CEA were detected in 29, 28 and 
30/30 LN, respectively There was good correlation between CHA and GCC 
mRNA copy numbers above a threshold level The mRNA copy numbers were 
used to develop a formula establishing MI with 99 per cent specificity and 97 
per cent sensitivity which detected LN metastases in an additional 8/32 Dukes 
A/B patients 

Conduston: The MI can reliably identify LN hkely to harbour metastases. 
Whether it can also predict metastatic potential to identify the patients most at 
risk of treatment failure requires longer follow-up, 
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Major colorectal cancer surgery: are trainees good enough? 
J.J. Smith, P Mathur and P.M. Dawson 


Colorectal Surgical Unit, West Middiesex Hospital, Twickenham Road, 
Isleworth, Middlesex TW7 6AF, UK 


Aims: The introduction of Calman training several years has led to shorter 
training periods and concern by some that trainees are perhaps not as experi- 
enced as they once used to be, This study is designed to look at the outcome of 
major colorectal cancer surgery based on the grade of surgeon performing the 
procedure. 

Methods: Data was prospectively collected onto a computerized database 
from mid-1994 until June 2001 for all patients undergoing colorectal cancer 
resection. A total of 343 cases (55 per cent male) with a median age of 71 (32- 
93) years were included. Operations were performed with the consultant as lead 
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surgeon in 195 cases, supervised higher surgical trainee (HST) in 56 cases, and 
unsupervised HST in 92 cases. 

Results: Unsupervised HST were more likely to perform right colonic 
surgery (P <0.001), operate on the patients over 80 (P=0.004) and 
never operated on patients having radiotherapy. Consultants were more likely 
to raise a covering stoma {P = 0.003), had more major complications (P = 0.073 
and fewer long-term survivors (P = 0.035). There was no significant difference 
in leak rates, inpatient deaths, and local recurrence rates between consultants 
and HSTs. Five-year survival rates were similar for all groups when comparing 
survival curves, with no significant difference between consultant (55.7 per 
cent) and supervised HST (78.7 per cent) (P =0.09) and consultant and 
unsupervised HST (57.8 per cent) (P = 0.3). 

Conclusions: Apart from some minor differences that can be explained by 
slightly different case mix trainees performed as well as consultants for major 
colorectal cancer resection. The concerns are therefore not justified. 
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Trouble with short saphenous surgery 

S Nawaz, S Wilson, K. Blacker and S Singh 

Department of Surgery, Doncaster Royal Infirmary, Doncaster, UK 

Alms: In this prospectrve study, we attempted to explain the reasons for the high 
failure rates of venous surgery at the popliteal fossa, and the ideal place for the 
skin incision for short saphenous hgation. 

Methods: Eighty-nine consecutive patents (100 lmbe) presenting with 
suspected primary short saphenous varicose veins had their popliteal fossa 
assessed by duplex ultrasound and the sapbeno-popliteal junction located and 
marked relatrve to the akin crease 

Results: In 34 per cent of patients, either the giscomini or the gastrocnemius 
vem was incompetent rather than the short saphenous vein, furthermore m 9 
per cent of patients the short saphenous vein termimated either with the 
giscomim or the gastrocnemius vein rather than the popliteal vein In 87 per 
cent of the cases, the sapbeno-popliteal junction was found to be within 6cm of 
the skin crease, but in 8 per cent of cases the sapbeno-popliteal junction conld 
not be identified. 

Condustons: A significant proportion of patients with pomary short 
saphenous varicose vens bad vanable venous anatomy and sites of reftux at 
the popliteal fossa, accounting for the potential for inadequate surgery at 
this ate and hence high rates of recurrence, requiring mandatory preoperative 
duplex assessment. In the majonty of cases, a transverse incision placed 
at the ate of the sapheno-popliteal punction 1g adequate, however, in a 
few cases the transverse mcision can lead to difficulty im accurately 
ligating the sapbeno-popliteal junction, an S-shaped mason may become 
necessary 
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A 1-year prospective study of management and outcome of patients 
presenting with critical lower limb ischaemia 


C.M.H Bailey, S Saha, TR Magee and R.B Galland 


Department of Vascular Surgery, Royal Berkshire Hospual, Reading RG! 
SAN, UK 

Alms: To determine management of patients with entical lower limb ischaemia 
(CLI) from first presentation to investigation and treatment 

Methods: One-year prospective survey (May 2000-May 2001) Follow-up 
3-15 months. 

Results: Some 873 arterial cases presented, 134 petients had CLI Of the latter, 
49 per cent were men, 30 per cent diabetic, the median age was 81 years. Only 
15 (24 per cent) of the 62 cases were referred to outpatients as urgent. Vascular 
consultants reviewed all GP referral letters and the patients were priontized 
Sigmficantly more patents were pnontized as soon or urgent by vascular 
consultant surgeons that by GPs (P <0 001). Patents waited a median of 
25 days to be seen in outpatients, and had symptoms for a median of 8 weeks. 
‘Treatment was conservative for 70 patients, and 11 primary emputahons, 
6 secondary amputations, and 62 revascularizanion procedures (34 operative, 
28 percutaneous transluminal angioplasty) were performed At follow-up 
(3-15 months, median 9 months), rates of mayor amputation and death were 
12 and 27 per cent, respectrvely. Significantly more diabetics underwent 
major amputation (P < 0 02) than nondiabetics Patients presenting with ulcera- 
tion or gangrene were at greater risk of death than those with rest pam alone 
(P<001) 

Conduston: Patients with CLI often have symptoms for many weeks before 
being seen by a specialist, and 76 per cent are referred as nonurgent cases This 
compares with pahents with suspected malignant disease who are required to be 
seen within 2 weeks 
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Complications of Intervention in intermittent claudication 
RJ Holdsworth 


Department of Vascular Surgery, Starling Royal Infirmary, Stirling, UK 
introduction: One of the arguments for a conservative policy in intermittent 
clandicahon us the potential rsk of sigmficant comphecations as a result of 
interventional treatment. The m-hosprtal complications of an mterventional 
policy have been assessed for a 5-year penod 

Alms: All acimssions for mtermuttent claudication between January 1997 and 
December 2001 have been analysed Data were entered prospectively in a 
dedicated database by a single observer. Data were collected on indications for 
admission, operative procedures and complications. 

Results: A total of 1115 admissions took place in 531 patents In 35 
admissions, no procedures took place A total of 569 admissions were for 
diagnostic arteriography, of which three had cardiac complications, one an 
allergic reaction and one a groin haematoma A total of 328 admissions were for 
angioplasty on a total of 352 vessels. Angioplasty complicanons mcluded one 
TIA, one damaged vessel, one severe angina and one distal embolization which 
required operative intervention A total of 183 admussions involved reconstruc- 
tive surgery Procedures included 19 sortic grafts, 73 above knee and 30 below 
knee femoro-popliteal bypasses, 14 distal grafts, 34 cross-over grafts and 17 
assorted other bypasses. Complications of surgery included 12 assorted cardiac, 
respiratory and renal complications, 15 sigmificant wound complications, two 
anastamotic bleeds/graft ruptures and seven graft thromboecs Eight patients 
required further mtervention m the same admission There have been no deaths 
and only one late amputahon. 

Condusion: Radiological investigaton and intervention in intermittent 
claudication should be regarded as a safe procedure but surgery carries a 
higher nak. Potential amputation should not be regarded as reason for non- 
intervention 
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Epidural analgesia ts associated with a decreased mortality in elective 
abdominal aortic aneurysm (AAA) surgery 


GL Sayer,' PP. Tekkis,! D R. Goldhill? and RA Edmondson! 


‘Department of Surgery, King’s College Hospital, London, UK and 
Department of Anaesthetics, The Royal London Hospital, London, UK 
Alms: This study arms to evaluate whether addition of epidural analgesia m the 
peri-operative period is associated with a reduction of in-hospital mortality 
following elective abdominal aortic aneuryam (AAA) reper 

Methods: Patents admitted to ICU following elective repair of AAA 
were identified from a London Regional Health Authority ICU Audit 
Prospective data were gathered from 20 ITU unita over 9 years. Multiplo 
logistic regression analysis was undertaken to identify putative predictors of 
survival following admission to the ICU. These included age, sex, chronic 
health score, acute physiological score (APS), mtubation status and epidural 
analgesia 

Results: There were 1289 patients in the database In this selected population, 
the in-hospital mortality with an eqadural was 7 8 per cont (n = 776) versus 13 8 
per cent (n = 304) without an epidural. The following factors were identified as 
independent predictors of mortality (adjusted odds ratios (OR) shown with 95 
per cent confidence intervals) increasing age (OR 1 045; CI 1.016~—1 076), 
APS (OR 11, CI 1 06~1.4), intubation (OR. 3.322, CL 2 119-5 208), and the 
absence of epidural (OR 1.73, Cl: 1.128-2.656) These effects were not 
significantly altered by inclusion of the year of operation and the surgical unit 
involved in the statistical analysis 

Conclusions: The use of epidural analgesia in this population of patients 
following elective AAA repair was associated with a slgnificant reduction of 
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in-hospital mortality. The use of epidural analgesia in patients undergoing 
elective AAA repair is recommended. 
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The role of intra-abdominal pressure in the outcome of aneurysm 
surgery: is 15 the magic number? 


M. Anderton, V. Papavassiliou, LM. Loftus, D.A, Turner, N. London, 
A.R. Naylor, P. Bell and M.M. Thompson 


Department of Vascular Surgery, Leicester Royal Infirmary, Leicester, UK 


Aims: Elevated intra-abdominal pressure (TAP) may cause widespread organ 
dysfunction (abdominal compartment syndrome) through effects on the respira- 
tory, cardiac, renal and gastro-intestinal systems. The aim of this study was to 
document IAP following aneurysm surgery, and to determine the effect of [AH 
on the outcome. 

Methods: The patient cohort comprised 66 patients undergoing infra-renal 
aneurysm repair (45 nonruptured (32 conventional. | death; 13 endovascular): 
21 ruptured AAA, 8 deaths). IAP was quantified at the termination of the 
procedure and 24h postoperatively. Physiological indices of organ function 
were recorded, as were the levels of TNF-« and IL-6. 

Results: IAP was significantly higher at abdominal closure following ruptured 
aneurysm repair (15.4 mmHg [SE 1.6]} than conventional (10.5 [0.89]) or 
endovascular repair (6.4 [1.0]) of nonruptured AAA. The sensitivity and 
specificity of LAP to predict subsequent mortality was analysed using a receiver 
characteristic operating curve. This analysis demonstrated that a cut off of 
15mmHeg was most useful for indicating patients at risk (sensitivity: 0.66; 
specificity: 0.79). Physiological indices of organ dysfunction (pH [0.027], base 
excess [0.005], peak inspiratory pressure [0.0015], CVP and urine output 
(0.0029) were significantly impaired in patients with IAP > 15 mmHg in 
comparison to patients with lower pressures. Similarly, IAP correlated sig- 
nificantly with the concentrations of IL-6 (0.0075) and TNF- (0.0025), as well 
as with indices of cardiac (CVP 0.038), respiratory (PaO./FiO2 = 0.026), and 
renal function (urine Gutput = 0.046). 

Conclusions: These data suggest that the management of LAP may have a role 
following repair of ruptured AAA. 
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Eleven-year experience with anatomical and extra-anatomical repair of 
mycotic aortic aneurysms 


Y. Kan, C. Kyriakides, M. Kerle, N.J. Cheshire, A.O. Mansfield and 
LH.N. Woife 


St Mary's Hospital, London, UK 


Aims: Mycotic aortic aneurysms present a surgical challenge. We reviewed our 
management of both ruptured and nonruptured, abdominal and thoracoabdom- 
inal mycotic aneurysms in order to determine the safety and efficacy of in situ 
and extra-anatomical prosthetic repairs. 

Methods: Data regarding presenting symptoms, investigations, operative 
techniques and outcome were prospectively collected on 15 consecutive 
patients treated at a single centre from 1991 to 2001 inclusive. 

Results: There were |] men and 4 women, with a median age of 70 years 
(range: 24-79). The median duration of symptoms was 26days (range: 1- 
1810). All but one patient were symptomatic. Nine had back pain, five were 
pyrexial, six had a raised white cell count, six were anaemic, four were septic 
and six had a contained leak on admission. Blood or tissue cultures tsolated 
Salmonella (n= 3), staphylococci (7 = 3), streptococci (a= 1), coliforms 
{n= 1), Treponema pallidum: (n= 1), while in six patients no organisms were 
identified. Preoperative CT identified four infra-renal, four juxta-renal, three 
(Crawford thoracoabdominal) type IV, three type HI and one type H aortic 
aneurysms. Thirteen were repaired with in situ prostheses following extensive 
local debridement and two required axillo-femoral prosthetic grafts. 
There were four early deaths, two (type IV) relating to blood loss, one 
secondary to myocardial event (type TV) and one secondary to multiorgan 
failure Gjuxta-renal). All surviving patients have been followed up for a median 
duration of 38 months (range: 1/2-112 months). There were two late deaths at 
3months (juxta-renal) and at 2 years {type III), the latter relating to graft 
infection. 

Conclusions: In the absence of uncontrolled sepsis, in situ repair of mycotic 
aortic aneurysms using prosthetic grafts achieves durable results with only one 
late infection. 
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Why do screen age women (50-64 years) with breast cancer present to a 
symptomatic clinic? 

S. Ghosh 


Breast Care Unit, Department of Surgery, Nevill Hall Hospital, 
Abergavenny, Wales, UK 

Alms: In Wales National Breast Screening Programme, diagnos and 
treatment of screen-detected breast cancers are undertaken centrally, although 
most DGHs have a symptomatic breast clime. An analyms of screen age 
patients with primary breast cancers presenting to symptomatic clinic is 
undertaken. 

Methods: All patients of ages between 51 and 65 years presenting with 
pomary breast cancer m the symptomatic breast clinic of a Welsh DGH 
between 1997 and 2001 were analysed. Breast screening records, if any, of 
these patients were obtained from the screening programme. 

Results: A total of 105 patients were identified. Of these 16 (15.2 per cent) 
were never urvited for screening Eighteen (17.1 per cent) although invited 
never attended scrosomng. Twelve (11.4 per cent) lapsed after screening more 
than 3 years back. Fifty-nine patients (56.2 per cent) had been recently screened. 
Eleven (18.6 per cent) of these were screened in the last 12 months, 25 (42.4 per 
cent) m the last 12-24 months and a further 23 G9 per cent) ın the last 
24-36 months. 

Conduston: One would have expected that in a symptomatic clinic, the 
majority of patents presenting with breast cancer in the screen age would 
have been women who never attended screening, but this group was only 17 1 
per cent of the total The majority of the women (56 2 per cent) were interval 
cancers, significant number (18 6 per cent) of them were within the first year 
after screening. We were also concerned to find that a number of women (15.2 
per cent) were missed by the system and were never mvited into the screening 
programme. 
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Does screen-detected breast cancer has a better 5-year survival then 
symptomatic breast cancer? 

MM. Yassin, A.L G Peel, P. Sinha, W.D Thompson, J. Patton, Y. Ashton and 
D J. Leaper 

Professorial Surgical Unit and Department of Radiology, University 
Hospital of North Tees, Stockton-on Tees, Cleveland TS19 8PE, UK 

Aims: The aim of this study was to assees the 5-year survival for women with 
screen-detected breast cancer and to compare that with survival in women 
presenting with symptomatic breast cancer. 

Methods: Prospectrvely collected data on petients diagnosed with mvasive 
breast cancer between January 1993 and December 1994 and followed up until 
the end of 1999 was collated and analysed. Five-yoar survival was broken down 
by age at diagnosis, tumour size, grade and nodal status. The overall 5-year 
survival for women with screen-detected cancers was compered with that for 
women with sympiomatically presenting cancers. 

Results; A total of 308 patients with invasive breast cancer were referred to the 
unit (162 via the breast screening programme and 146 presenting symptoms- 
tically) The overall 5-year survival was 85.5 per cent (Ci: 80.8-89.1). Small 
tumonr size, low grade and negative nodal status were associated with higher 
survival rates. Five-year survival in the screen-detected patients (91.7 per cent; 
CI 85.8-95.2) was higher than m those presenting symptomatically (78.6, CI: 
70.6-84.6, P <0 001). 

Condusion: Thess findings suggest that patients with screen-detected breast 
cancer have better survival rates compared to those with symptomatically 
detected breast cancer. This supports the argument m favour of a beneficial 
impect of breast screening programmes on patients’ survival. 
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Cyclooxygenase-2 (COX-2) ts associated with lymphatic and 
haemafogenous metastases in breest cancer f 

BJ. Mannmg, G McGreal, J Harmey, N Relihan, E Kay, 

D. Bouchler-Hayes and H.P. Redmond i 


Departments of Surgery, Cork University Hospital and Beaumont Hospital 
and Department of Pathology, Beaumont Hospital, Dublin 


Alms: COX-2 has been shown to be umportant in angiogenesis and carcinogen- 
ets We hypothesized that COX-2 expreasion in breast cancer would correlate 
with an invasrve phenotype. 

Methods: Forty-one patients with breast cancer had level 3 axillary dissection 
and bone marrow asprratron (from mb and iliac crest) Nodes were analysed by 
H and E stammg, while marrow was assessed for micrometastases using flow 
cytometry and the APAAP technique. Pomary tumours were stodied for COX-2 
expression and microvessel count Microvessels were visualized by staining for 
CD34 antigen. For COX-2, goat ant-COX-2 antibody binding was visualized 
by mcubating sections with biotinylated anti-goat antibody followed by strep- 
tavidin coupled to horseradish peroxidase using the VectaStain system, then 
incubated with 3,3'-diamnobenmxdine to visualize antibody complexes. Micro- 
veasels were counted by two independent blinded observers. COX-2 staining 
was scored, and the percentage of poattive cells calculated Statushcal analysis 
was performed using the SPSS package of Microsoft. 

Results: COX-2 was expressed in 36/41 petenis, There was a significant 
inverse correlahon between microvessel count and COX-2 staining Micro- 
vessel density did not correlate with tumour grade, stage, lymphatic metastases 
or bons marrow mucrometastases. Conversely, the degree of COX~2 staining 
correlated significantly with the presence of lymph node metastases, but not 
witb the number of nodes involved, Sumilarty, ıt correlated sigmficantly with 
Marrow micrometestases and tumour srze, but did not correlate with stage or 
grade. 

Condusion: We have demonstrated that COX-2 is associated with lymphatic 
and hacmatogenous metastases in breast cancer, suggestmg COX-2 inhibition 
as an effectrve adjuvant treatment in controlling metastases. 
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pMQ1 expression in human breast cancer: correlation with established 
prognostic factors 
LJ. Fon, T.F. Lioe, K A. Mulhgan, R AJ. Spence and D. McCormick 


Department of Oncology, Belfast City Hospital, Northern Ireland 

Alms: pMQ1 is a tumour-associated glycoprotein with characteristics sugges- 
tive of an adhesion molecule. The level of pMQ1 expression had been positrvely 
correlated with mcreasing histological grade in astrocytomas. pMQ1 was also 
found to be expressed in metastatic breast cancer in the brain The aim of this 
study was to determme the correlation between the level of pMQ1 expression 
and known prognostic indicators in breast cancer. 

Method: Breast cancer (n= 228) were examined for pMQ1 expression, p53 
and Ki-67 by the immunolustochemical method. The expresmon of pMQ1] was 
compared with known prognostic indicators (age, tumour size, histological 
grade, lymph node status, lymphovascular invasion, oestrogen receptor statis, 
p53, K-67, Nottingham prognostic index and TNM-UICC staging) using a 
brvanate correlation analysis. 

Results: pMQ1] was expressed in 60 per cent (137/228) of the breast 
cancers, The normal surrounding basue margins were negative for pMQ1 
expression, and benign breast diseases always lacked pMQ1 expression 
A agnificant positive correlation was observed between pMQ1 expression 
and the tumours’ histological grade (P < 0.00005), and lymphovascular inya- 
moo (P=0018) pMQI was inversely correlated with oestrogen receptor 
status (P = 0.001). However, no correlation exists between pMQ1 and age, 
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tumour size and lymph node status. pMQI was significantly correlated 
with Nottingham prognostic index (P = 0.008) but not with TNM-UICC 
staging. 

Conclusion: pMQi has a positive correlation with tumour histological 
grade, lymphovascular invasion and Nottingham prognostic index, and 
inverse correlation with oestrogen receptor status. Therefore, pMQI may 
have prognostic importance in identifying biologically aggressive breast 
tumours. 
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Deprivation and prognostic indicators in operable breast cancers 


C.M. Sharp, C.R. Wilson, W. Angerson, E.A. Mallon, W.D. George and 
J.C. Doughty 


Department of Surgery, University of Glasgow 


Aims: Patients from deprived areas with breast cancer have a poorer outcome, 
the reasons for this are unclear. The aim of this study was to assess the influence 
of deprivation on various pathological prognostic factors in patients with 
operable breast cancers, 

Methods: Prospective data were collected on all operable breast cancers 
treated in Glasgow between October 1995 and October 2001. They were 
separated into three groups — affluent, intermediate and deprived according 
to the Carstairs index of deprivation. The influence of deprivation on patho- 
logical size of the tumour, ER status, histological grade and axillary node status 
were examined. 

Results: A total of 3251 patients were included, 598 affluent, 1473 inter- 
mediate and 1180 deprived. Patients in the deprived group were significantly 
more hkely to have larger tumours, with 33.3 per cent of affluent, 35.6 per cent 
of intermediate and 43.4 per cent of deprived patients having tumours of 
>20 mm {P < 0.001). There was a higher incidence of patients in the deprived 
group with high-grade tumours, 27 per cent of affluent, 30 per cent of 
intermediate and 35 per cent of deprived patients had grade 3 tumours 
(P <0.01). There was also a trend for the more deprived patients to have a 
higher incidence of ER-negative tumours. The deprived group were signifi- 
cantly less likely to have a highly positive (>50 per cent) ER status (P = 0.05). 
Conclusion: Patients from deprived backgrounds are significantly more likely 
to have larger tumours at operation. They are also more likely to have high- 
grade tumours and Jess favourable ER status. This may explain why patients 
from deprived areas have a poorer outcome. 
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Expression of cerbB-2 does not prevent the withdrawal response to 
hormone replacement therapy (HRT) in breast cancers 


R. Prasad, G.P. Boland. A. Cramer,’ E. Anderson’ and N.J. Bundred 


University Hospital of South Manchester and ' Paterson Institute for 

Cancer Research 

Aims: The presence of cerbB-2 oncoprotein is said to predict failure to 
respond to endocrine therapy in breast cancer (particularly tamoxifen). The 
aim of the study was to determine whether the effect of oestrogen deprivation 
(by stopping HRT) on breast cancer is related to cerbB-2 oncoprotein expres- 
Sion. 

Methods and study: We identified 129 women who were on HRT at the time 
of diagnosis of breast cancer by core biopsy. Out of 129 women, 114 stopped 
HRT and 15 continued HRT tll surgery. Ki67 (a marker of cell proliferation), 
progesterone receptor (PR), ER (oestrogen receptor) and cyclin DI (a cell cycle 
inducer} were measured by immunohistochemistry on paired sections of core 
biopsy and operative specimens. CerbB-2 was measured on the operative 
specimen and was scored from 0 to 3. 

Results: Stopping HRT led to a significant fall in epithelial proliferation 
compared to continued group (P = 0.05), more so in ER positives (P = 0.045)" 


significantly in responding tumours regardless of cerbB-2 status (P = 0.498, 
Kruskal-Wallis test), 
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Median K167 Cyclin 
Status of cerbB-2 n change Di 
Negative: Q, | 65.32 1.74 (-7.8-12.02), HRT stopped 

1.51 (—12—11.99) -9.5 (-31.9 + 14.3) 
Positive: 2, 3 12, 4 1.20 (-3.7-7.51), HRT continued 


1.98 (~-17.3-28.6) 3.97 (~-4.6 + 23.2) 


Conclusion: CerbB-2 expression does not prevent fall in cell proliferation due 
to HRT withdrawal. Aromatase inhibitors may still be the optimal strategy for 
ER and cerbB-2-positive breast cancers. 
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Elastic scattering spectroscopy for the diagnosis of breast cancer 


A.C. Lee, 7 C.D.O. Pickard,’ M.R.S. Keshtgar,? G.M. Briggs,’ M. Falzon.” 
S. Lakhani,* I. Bigio* and S.G. Bown! 


‘National Medical Laser Centre, “Department of Surgery, “Department of 
Histopathology, Royal Free cnd University College Medical School, 
University College London, UK and Department of Biomedical 
Engineering, University of Baston, USA 


introduction: Elastic scattering spectroscopy (ESS) studies tissue structure by 
spectral analysis of light absorption and scattering by intra- and extracellular 
components of tissue, and has previously been shown to be sensitive to 
morphological changes in tissue. The aim of our study is to determine the 
accuracy of ESS in diagnosis of breast cancer. 

Methods: ESS system consists of a white light source, a parallel pair of optical 
fibres, a spectrometer and a computer. The process involves the delivery of light 
from the light source directly onto breast tissue via an optical fibre. The light is 
collected by the second optical fibre, and is analysed by the spectrometer and 
the computer, generating an optical spectrum. The entire process takes less than 
is. Using model base analysis, the optical spectrum was analysed against an 
independent set of optical spectra taken from normal and malignant breast 
tissue to provide the diagnosis. The result was compared to the histological 
findings of the breast tissue. 

Result: Optical spectra were taken from 94 breast tissues. ESS provided correct 
diagnosis in 87 out of 88 breast tissues (six were deemed indeterminate}. 
ESS was able to diagnose 15 out of 16 breast cancers. There was one false 
positive, thus giving a sensitivity of 93.8 per cent, specificity of 98.6 per cent, 
positive predictive value 93.8 per cent and negative predictive value 100 per 
cent, 

Conclusion: ESS has the potential to provide an instant and nonoperator- 
dependent detection of breast cancer, which can be used to guide core biopsies 
and to assess breast lesions ead tumour margins intraoperatively. 


Breast 20 
Risk factors for false-negative breast cytology 


C. Chianakwalam, K. Thakur, S. Bendall. P Williams, M. Mackie and 
T. Bates 


Breast Unit, William Harvey Hospital, Ashford TN24 OLZ, UK 


Aims: Freehand fine needle aspiration cytology (FNAC) has a reported sensitivity 
of 65-98 percent for breast cancers with the majority of false-negative results being 
due to sampling error by the clinician and a significant minority to interpretative 
error by the cytopathologist. The aim of this study was to investigate the sig- 
nificance of tumour characteristics on false-negative cytology. 

Methods: A database of patients with invasive or in situ breast cancer in whom 
the initial cytology was either C1 (inadequate) or C2 (benign) between 1996 and 
2000 was reviewed. The age of patients and tumour characteristics were 
compared with those with initial CS (malignant) cytology during the same 
period. Patients with local recurrence, previous surgery or radiotherapy to the 
breast or with no histology were excluded. 
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Results: There were 82 patents with false-negatrve cytology and 329 tumours 
m 324 patients with C5 cytology The mean age of the two groups was 
59 8 years (C1AC2) versus 66.5 years (C5). The proportion of patients below 
age 40 years was 8 5 per cent versus 4.3 per cent. The mean tumour size was 
2 2cm (C1/C2) versus 2 4cm (C5) However, for tumours of <1 cm m mre, the 
respective proportions were 13.6 per cent versus 3.4 per cent Lobular carci- 
nomas constituted 30 5 per cent of the histological type m the falee-negatrve 
cases, but only 8 5 per cent of those with malignant cytology. 

Conduslon: Palse-negative cytology was mare common in patents below age 
of 40 years, ın tumours of <1 cm diameter and in lobular cancers. 


Breast 21 
Do older women get poorer treatment after breast-conserving surgery? 
T Moran, A Gibbs, C Woodman and NJ Bundred 


Unrvernty Departments of Cancer Epidermology and Surgery, Christe - 
Hospital, Manchester 


Alms: Breast-conserving surgery (BCS) followed by radiotherapy has replaced 
mastectomy as standard treatment for small early breast cancers Failure to give 
adjuvant radiotherapy leads to a threefold increase in local recurrence rates 
Methods: To determine the factors which determmed oncology assessment 
and radiotherapy use following BCS, all women aged 60—70 years undergoing 
BCS in Greater Manchester (between 1997 and 1998) were identified and case 
notes reviewed Assessment by an oncologist within 3 months or commence- 
ment of XRT withm 6months were considered appropriate management All 
hospital umts treated more than 50 breast cases per year 

Results: Out of 436 women identified, 343 (79 per cent) saw an oncologist of 
which 323 (74 per cent) were grven XRT. Assessment rates varied from 61 to 94 
per cent between hospital, bot did not differ between deprrvation quintiles. With 
increasing age, fewer women were sent for oncological assessment or XRT 
(P <0.001) A significant difference in radiotherapy and assessment rate was 
seen (61-94 per cent) (P > 0 01). 


Table 1 Assessment by oncologist 


Assessed by oncologist ART given 
Age group n <10 mm >10 mm <10 mm >10 mm 
60-64 182 40(85%) 127 (95%) 37 (79%) = 126 (94%) 
65—69 95 14 (74%) 68 (91%) 13 (68%) 66 (88%) 
70-79 159 6 (30%) 87 (62%) 4 (20%) 76 (58%) 
P<0001 


Conclusion: Despite the widespread use of guidelines, many elderly women 
do not get appropriate treatment after BCS Smee the majority of breast cancer 
deaths occur in the 60-80 years age group, adherence to protocols will be 
necessary to reduce mortality further 
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Breast conservation surgery — a comparison between ductal and 
lobular carcinoma 


V Kurup, A. Aljarrah, Z. Al, T. Anderson and J.M Dixon 


Edinburgh Breast Unit, Western General Hospital, Edinburgh, UK 

Alms: To compare the re-excision rate following wide local excisions m lobular 
cancers (ILC) and ductal cancers (DC) 

Methods: One hundred and fifty patients with a diagnoas of invastve lobular 
cancers were compared with 150 women with invasive ductal carcmomas 
during the same time period : 

Results: The mean ages were sumilar 59.6 years IDC versus 59.7 years ILC 
Twenty-mne per cent of IDC and 32 per cent of ILC were screen detected 
Pathological tumour sizes were T1, 101 vermis 62, T2, 43 versus 65, T3, 0 versus 
17 m IDC and ILC, respectively Invasrve lobular cancers were more likely to be T3 
cancers (P = 0.01). Twelve patients in the IDC group and 30 patents in the ILC 
group had mulnfocal disease (P = 0 001) One hundred and twelve patients in the 
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ductal group and 91 patients in the lobular group were treated by wide local 
excuson Six of the 112 patients (5 4 per cent) with IDC and 29 of 91 patents with 
ILC (32 per cent) needed further re-excisions for mvolved margins (P < 0 001) 
Twenty-six per cent patients in the ductal group and 55 per cent of the lobular group 
were treated ultimately with mastectomy (P < 0.001) 

Condusion: This study confions that conservation surgery cames an 
increased nak of re-excigion with an tocrease in the mastectomy rate in patients 
with invasive lobular carcmoma Where penents are considered for breast 
conservation but the care biopsy shows invasrve lobular carcinoma, they should 
be warned about the mecreased rate of re-excunon and mastectomy 
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Do primary tumour characteristics predict axillary nodal status in 
breast cancer? 


K Thakur, O Faz, P Tekkis, C Chisnekwalam and T. Bates 
The Breast Unit, William Harvey Hospital, Ashford, Kent TN24 OLZ, UK 


Alms: To determine whether pnmary tumour characteristics of breast cancer —- 
size, histological type, grade, vascular mvasion (VI) and receptor status (ER) 
correlate with axillary nodal involvement Can we select a group of breast 
cancer patients in whom axillary surgery can be safely avoided? 

Methods: A retrospectrve analysis of 1496 patents with breast cancer 
presenting between 1986 and 2001 was cared out All patients had been 
treated by wide local excumon/mastectomy as well as an axillary four-node 
saniple/level-HI clearance 

Results: Five hundred and sixty (37 4 per cent) out of a total 1496 patients had 
metastases in axillary nodes. The following table shows the lymph node (LN) 
mvolyement compared with size, grade and VI 


Size (cm) LN involved (%) Grade LN mvolved (%) 
00-05 5/35 (14 3) I 87/349 (24 9) 
>0 5-10 17/129 (13 2) II 236/593 (39 8) 
>1.0-2 0 176/584 G0 1) Im 149/309 (48 2) 
>2 0-40 298/651 (45.8) VI 
>40 64/97 (66 0) Yes 268/483 (55.5) 
No 154/670 (23 0) 


Unrvanate analysis showed VI [Pearson Chi-square (pes) 128.1, df 2, 
P<00001], uze [pes 1068, df 4; P<00001], grade [pcs 39.9, df 2; 
P <0 0001] and ER status [pes 95, df 2; P< 0 009] to correlate pomtrvely with 
positive LN status in decreasing order of strength. However, mulivanate analysis 
showed that only VI and size independently predict LN positivity Even tumours 
lees than 5mm had nodal involvement in over 10 per cent of cases. Only those 
tumours less than 4 5 mm diameter were free of nodal metastases (7 = 22) 
Conciustons: Although axillary LN involvement correlated positrvely with 
size and vascular invasion, 1t would be unwise to presume negative axillary node 
status in any subgroup of invasive breast cancer 


Breast 24 

Breast sepsis — a unit’s experience 

S Thrush, S Banenee, G Sayer, D Scott-Coombes and J Roberts 

The Breast Una, King’s College Hospital, London, UK 

Alms: Assess the impact and review the symptoms and management of those 
referred to a breast clinic with breast sepas 

Methods: A retrospective review of all patients presenting with breast sepais 
over a 3-year period These were divided mto lactational and noniactational 
(nipple-areolar and perrpheral). Data were retrieved from the unit's database 
and patients’ notes. 

Results: A total of 175 patents presented over this period (~2 per cent of 
breast unt referrals). Thirty-six (21 per cent) were lactational m ongin. Twenty- 
eight (77 per cent) bad a palpable lump. Thirty-three (92 per cent) underwent 
ultrasound, with 21 (64 per cent) having guided aspirations (two of these in the 
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no-lump group). Twenty-one (58 per cent) of this group were smokers and two 
(6 per cent) diabetics. Three (8 per cent) underwent surgical drainage. The 
predominant organism was $. aureus. The median number of outpatient epi- 
sodes was two (range 1-22). A total of 139.(79 per cent) were nonlactational in 
origin and 121 (87 per cent) had a palpable lump. One hundred and twenty-four 
(89 per cent) underwent ultrasound, with 88 (71 per cent) having guided 
aspirations (seven in the no-lump group). Sixty-eight (49 per cent) were 
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smokers and nine (6 per ceat) diabetics. Twelve (9 per cent) underwent a 
surgical procedure. The main pathogens were anaerobic. The median number of 
outpatient episodes was three (range 1~15). 

Conclusion: Breast sepsis is a significant part of a unit's workload. The use of 
broad-spectrum antibiotics, ultrasound +: aspiration and specialist review is the 
basis to good management. Most patients can be managed on an outpatient 
basis, but surgery is sometimes indicated. 
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Clinical Practice 01 
Can the outcome of home parenteral nutrition (HPN) be improved? 
R. McKee, J.P. Baxter, K.C.H. Fearon and C.R. Pennington 


Scottish Home Parenteral Managed Clinical Network, Tayside Uni versity 
Hospitals NHS Trust, Dundee, UK 


introduction: HPN is a complex treatment for patients with intestinal failure 
who are unable to maintain fluid or nutritional status. A multi-professional team 
approach to management reduces complications, but in a dispersed population 
this expertise is not available in every hospital. A managed clinical network 
(MCN) has been established to improve patient care. Before this an informal 
group existed but not all hospitals were involved and there was no funding. 
Aims: The audit performed by the network aims to assess outcome of HPN and 
thus change practice. 

Methods: The MCN is a formally organized multi-professional group who 
have produced evidence-based protocols for HPN. Group members agree to 
follow the protocols and submit audit data on patient numbers, clinical details 
and complications to the network manager. Chi-square and Student's ¢-test were 
used to assess the differences between the years. 

Results: Fourteen per million patients in Scotland receive HPN (8—10//million 
in England and Wales). Data from the year prior to the network and the current 
year are shown in Table 1. 


Table | 


ener net EN LEA e000 ES HIE BAG IE EIEIO avana aaa SA REINA AAAA tet AP 4A HHH AAAA aama wrar 


Total patients 40) 72 
Total hospitals 6 i5 
Underlying disease 
Crohn's 19 28 
ischaemia 5 9 
Radiation enteritis 3 4 
Motility disorders 6 10 
Malignancy 3 7 
Other 4 14 
Patients admitted 23 29 P<O] 
No. admissions 69 58 
Catheter sepsis rate per 1000 patient days 1.6 0.9 P<0.05 





Conclusions: The establishment of a formal MCN has led to involvement of 
more hospitals and patients. Fewer patients required admission on a smaller 
number of occasions last year. There has also been a reduction in the catheter 
sepsis rate. This may reflect the more widespread use of protocols. 


Clinical Pracuce 02 
Adverse events and intravenous fluids 
S. Walsh and C.J. Walsh 


Wirral Colorectal Unit, Arrowe Park Hospital, Upton, Wirral, Merseyside 
CH49 SPE, UK 


Aims: Over 50 per cent of adverse events suffered by hospital patients in the 
United Kingdom occur in general ward care, including the prescription of 
medications and intravenous fluids (IVF). We performed a prospective evalua- 
tion of IVF prescription for postoperative patients in a surgical unit. 
Methods: Data were prospectively collected regarding fluid balance, electro- 
lyte status, fluid prescription and adverse events for each postoperative day until 
IVF were discontinued. The first 24h were excluded. Patients receiving 
parenteral nutrition were excluded. 

Results: Thirty-nine postoperative patients representing 103 patient days were 
included. Total daily volume of fluid prescribed [median (interquartile range)] 
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was 3000mL (1000mL) in elective patients and 2500mL (1000mL) in 
emergency patients. There was no correlation between daily volume prescribed 
and patient weight (correlation coefficient: ~0.104; P = 0,373). Correlation 
between electrolyte prescriptions and serum electrolytes was also poor. There 
was an inverse correlation between total volume prescribed and total losses in 
the previous 24h (correlation coefficient: —0.2; P= 0.044). Seven patients 
required fluid challenges for hypovolaemia after the first postoperative day, 
three developed fast atrial fibrillation and one developed congestive cardiac 
failure requiring transfer to a critical care area after receiving 4 L of crystalloid 
in the previous 24-h period. There were no perioperative deaths. 
Conclusions: Fluid prescription is highly variable. It is not tailored to the 
individual patient and may lead to adverse events, The use of precalculated fluid 
regimens based on the patients’ body mass index with additions for ongoing 
losses may improve current practice. 


Clinical Practice 03 
The use of Rt-Pa for thrombolysis in acute massive pulmonary embolism 
P. Jethwa, A.C. Page and N.M. Wilson 


Depariment of Surgery and Radiology, Royal Hampshire County Hospital. 
Winchester, Hampshire, UK 


Aims: Conventional therapy for acute pulmonary embolism is associated with 
high mortality and poor outcome. Our aim was to ascertain the efficacy of 
thrombolyis with Rt-Pa in patients with acute massive pulmonary embolism. 
Methods: Patients with pulmonary embolism and circulatory hypotension were 
recruited. Antegrade groin punctures were performed in these patients with 7 or 
8 F introducers with guiding wires. The catheter was passed into the pulmonary 
artery, the diagnosis confirmed and mechanical agitation of the embolus 
performed. After an initial bolus of intrapulmonary Rt-Pa (3 mg), Rt-Pa was 
commenced at 2mgh~'. Repeat angiograms were performed at 12 and 24h. 
Pulmonary artery pressure was measured prior to the commencement of lytic 
therapy and at the time of radiologically proven clot dissipation. 

Results: Ten patients with angiographically proven pulmonary embolism 
underwent thrombolytic therapy (8 F and 2M), Mean age was 56.5 years 
(22-80 years) with mean time to lysis 17h (648h). Average Rt-Pa dose 
was 34.5 mg (15-55 mg). 








MBP (mmHg) MPAP (mmHg) MPAP/MBP (mmHg) 
Pre-lysis 64.3 37.9 0.58 
Post-lysis 105.6 23 0.2] 





MPAP, mean pulmonary artery pressure. 
MBP, mean systemic blood pressure. 


There were two deaths. Both patients suffered asystolic arrests; the latter 
showed good radiological evidence of clot dissipation. There was a significant 
fall in mean pulmonary artery pressure (P< 0.05) with restoration of 
MPAP: MBP to normal parameters, 

Conclusion: Our results indicate that intrapulmonary thrombolysis may have a 
valuable and significant role in the management of life-threatening pulmonary 
embolism, This technique allows for a substantially reduced dose of Rt-Pa and 
may be employed in postsurgical patients in whom full thrombolysis is 
contraindicated. 


Clinical Practice 04 

Surgical gloves: how do you change yours? 

M.S. Duxbury, C. Brown and A.W. Lambert 

Surgical Directorate, Derriford Hospital, Plymouth, UK 


Aims: Surgical gloves are frequently changed intraoperatively, and different 
techniques exist. We surveyed surgeons and nurses in our hospital and pro- 
spectively compared contamination with two popular methods. 
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Methods: Twenty-five surgeons and 25 nurses were questioned regarding their 
intraoperative glove changing technique. Twenty scrub staff performed a 
standard ‘surgical scrub’, following which aliquots of fluorescent powder were 
appled symmetrically to each forearm prior to donning gown and gloves. 
Subjects were randomized to group | (open glove change, followed by closed 
technique) or group 2 (closed glove change, followed by open technique). 
Following glove change. glove and hand contamination was assessed. 
Results: 





Open Closed 
technique technique P-value 
Surgeon preference 20) 5 
Nurse preference Q 25 
Mean glove contamination (cm?) O14 0.59 0.008 
(SD=0.31) (5D =0.53) 
Mean hand contamination (cm*) 16.63 50.25 0.003 


(SD = 22.43) (SD = 28.65) 





Conclusions: There is a preference for glove-changing technique noted 
between surgeons and nurses. The ‘closed’ technique produced significantly 
more contamination and we therefore recommend the ‘open’ technique for 
intraoperative glove changing. 


Clinical Practice 05 
The influence of the basic surgical skills course on needlestick injuries 
R.E.M.C. Laughlin, T.K.M-C. Adam, E. Silley and B.M.C. Nicholl 


Department of Accident and Emergency Medicine, Royal Victoria Hospital, 
Belfast, UK 

Aims: To assess the impact of the basic surgical skills course (BSS) on glove 
perforation during simple suturing. 

Methods: The study was conducted at a regional BSS course. Fifteen senior 
house officers attended. All participants were asked to place two simple sutures 
(Ethilon) in artificial skin whilst wearing surgical gloves (Bodyguard). After 
completion of this task, the gloves used were collected in bins marked dominant 
and non-dominant hand. Any perceived needlestick injuries were documented. 
Each participant performed this task three umes. On the final day of the course, 
the suturing exercise was repeated three times and all gloves collected. Ninety 
gloves were tested after wearing and performing no task as control. All gloves 
were tested electronically for perforations. 

Results: Pre-course, the perforation rate was 4.4 per cent (2/45) in the 
dominant hand, 11.1 per cent (5/45) in the non-dominant hand and 7.8 per 
cent (7/90) overall. Post-course, the perforation rate was 0 per cent (0/45) in the 
dominant hand, 2.2 per cent (1/45) in the non-dominant hand and 1.1 per cent 
(1/90) overall. No needlestick injuries were reported during the study. Control 
perforation rate was 1.1 per cent (1/90). 

Conclusion: The BSS course significantly reduces (P = 0.032) the glove 
perforation rate whilst suturing. We conclude that the BSS course improves 
sharp awareness and feel formal teaching should be encouraged in other 
specialines where suturing occurs. 


Clinical Practice 06 

Is ‘sub-specialization’ a problem for the provision of a safe emergency 
‘general’ surgery service 

J.P. Garner, D. Prytherch, A. Senapati, D. O'Leary and M.R. Thompson 
Department of General Surgery, Queen Alexandra Hospital, Portsmouth, 
Hampshire, UK 

Aims: Sub-specialization for elective surgery may de-skill ‘general’ surgeons, 
potentially reducing the safe care of general surgical emergencies. This study 
aimed to determine how often a mismatch occurs between a sub-specialist 
surgeon and major specialist emergency operations. 
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Methods: In a DGH with a population of 500.000, where all the surgeons are 
sub-specialized and with a separate vascular take, the mismatch between major 
emergency operations and the sub-speciality of surgeon on-call in a [-year 
period was determined. The complexity of the surgery was determined accord- 
ing to BUPA classification. 

Results: In | year, there were £225 non-elective admissions, of whom 1554 had 
an emergency operation, A total of 266 were at least major or of greater 
complexity from which there were 65 mismatches between surgeons and major 
operations, as shown below. 





Specialist (surgeons) 


Specialist major Operations 
operations UGI LGI Breast mismatched 
UGI ~ I 9 20 

LGI 23 - 22 45 

Breast 0 0 ~ Ü 
Surgeons 

mismatched 23 i] 31 65 





Sixty-nine per cent (45/65) of mismatches were between LGI (lower gastro- 
intestinal) operations and UGI (upper gastrointestinal) and breast surgeons. 
Fifty-five per cent (11/20) of major UGI operations were for simple suture- 
perforated ulcer, 15 per cent (2/20) cholecystectomies, 20 per cent (4/20) under- 
running bleeding peptic ulcers and 10 per cent (2/20) gastrectomies. Seventy- 
eight per cent (51/65) mismatches occurred out of normal working hours of 
which 31 per cent (16/51) were done by consultants. 

Conclusion: The major preblem in the future will be for UGI and breast 
surgeons to maintain their skills in LGI surgery. However, mismatches occur- 
ring out of hours requiring consultant participation are uncommon. 


Clinical Practice 07 
Research in surgical training — when? — and for how long? 
M.S. Javed, E. Harison and I. Taylor 


Department of Surgery, Royai Free and University College Medical School. 
University College, London, UK 


Aims: To assess the views of the consultant surgical community regarding the 
role of research in surgical training post-Calman. 

Methods: A postal survey of consultant members of ASGBI was performed to 
assess views on desirability, timing, duration and method of assessment of 
research in surgical training. The results were compared with a similar survey 
conducted pre-Calman in 1995. 

Results: A 50 per cent response rate was achieved compared to 71 per cent in 
the 1995 survey. Eight-two per cent of respondents had themselves obtained a 
higher degree by thesis. Overall, 89.7 per cent thought that research in training 
was either essential or desirable, compared to 89 per cent in the previous survey, 
Only 1.4 per cent felt that research should be conducted during BST (Basic 
Surgical Training) compared to 8 per cent previously. Forty-seven per cent 
indicated that research shouid be performed between BST and HST (Higher 
Surgical Training). Thirty-s:x per cent felt research during HST was most 
appropriate, Sixty-one per cent felt | year and 36 per cent 2 years of research 
was sufficient (91 and 9 per cent, respectively, in 1995). A total of 27.5 per cent 
thought that a thesis was the most appropriate method of assessment (33 per 
cent previously), while 35 per cent were supportive of an MSc (33 per cent 
previously). Eighty per cent of consultants with a higher degree thought 
research carried out as a trainee was worthwhile, both for their own education 
and career. There were no significant differences based on either age or 
specialist interest of the respondents. 

Conclusions: Even in the pest-Calman era, 90 per cent of surgeons still regard 
research as either essential or desirable. although | year is regarded as adequate 
by the majority. 
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Deaths while tn surgical care: mapping improvements in practice over 
7 years of continuous peer review audit 

A.M Thompson, G McPhulips, H Burton and PA Stonebridge 


Scottish Audit of Surgical Mortality, Ninewells Hospital and Medical School, 
Dundee DDI 9SY, UK 


Alm: To map changes m practice over 7 years of continvous peer review audit 
of surgical deaths 

Mathods: Between 1994 and 2000, all patients who died under surgical care 
(mean 4504 patients per annum, range 4331-4657) were peer reviewed for the 
Scotnah audit of surgical mortality (SASM). 

Results: The mean age rose to 76 years, 88 per cent were emergency sdms- 
sions, but the absolute number and proportion of deaths following electrve 
admission fell to O 11 per cent For operative cases, 80 per cent of fatalities had 
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major co-morbidity Surgical adverse events were usually related to climcal 
decision making, not poor facilities (e.g. late referral reauling in delay to 
surgery in 68 per cent where delays were identified) but contnbuted to (2 per 
cent) or caused (1 per cent) the death of some patients Failure to use HDU (high 
dependency units), which was highlighted by SASM, peaked as an adverse 
factor in 1998 and has since declined to 1996 levels dus to increased facihnes A 
consultant decision to operate rose to 97 per cent, consultant input as operatoc 
assistant increased to 76 per cent (P = 0.0001, Chi-square test) and criticisms of 
surgeon grade and choice of operation declined to 1.7 per cent of deaths by 
2000 There was almost a doubling of consultant anaesthetic uput to 90 per cent 
by 2000 (P <0 0001, Chi-square test) 

Condusion: Despite an increasingly elderly population, often admutted as an 
emergency, SASM has mapped significant changes m practice for patients who 
che, incloding the use of HDU, which may reflect overall improvements in the 
service 
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Poster Qi 


Neuromodulation as a new surgical treatment for faecal incontinence 
due to scleroderma 


N.J. Kenefick. C. Vaizey, J.R. Nicholls, R. Cohen and M.A. Kamm 
St Mark's Hospital, London, UK 


Aims: Faecal incontinence occurs in over one-third of patients with 
scleroderma, has a multifactorial pathogenesis, and is often resistant to con- 
ventional treatment. Sacral nerve stimulation is a novel treatment for 
faecal incontinence that is effective when others fail, and may therefore be 
of benefit. 

Methods: Five women, median age 61 (30-71) with faecal incontinence 
secondary to scleroderma underwent sacral nerve stimulation. Median pre- 
operative weekly incontinent episodes was 15 (7~25), duration of incontinence 
was 5 years (S—9) and of scleroderma 13 years (4-29). All had failed maximal 
treatment including behavioural therapy. Bowel diary, quality-of-life assess- 
ment (SF-36), endoanal ultrasound and anorectal physiology were performed 
before and after treatment. 

Results: At median follow-up of 26 months (8—62), four patients were con- 
tinent, one failed temporary stimulation. Median weekly incontinent episodes 
decreased (15, 11, 23. 7 versus O, 0, 0, 0). Urgency resolved (median ability to 
defer < | min versus 12.5 min [S—-15]). Quality-of-life scores showed an overall 
improvement. The internal anal sphincter was atrophic, median width 1.0 mm 
(0-1.6, normal range 2.4~3.4 mm). Anorectal physiology revealed an increased 
maximal anal resting pressure (37 [10] em H20 (median [standard deviation}) 
versus 65 | 16]) and squeeze pressure (89 [48] versus 105 [67]). Rectal sensation 
improved at threshold (53 [17] ml air versus 33 [20]), urge (83 [18] versus 58 
[25]) and maximum tolerated volume (143 [23] versus 75 [34]). There were no 
major complications. 

Conclusions: Sacral nerve stimulation is a safe and effective technique for the 
treatment of faecal mecontinence in patients with scleroderma when other 
treatments have failed. 


Poster 02 
The surgical treatment of idiopathic constipation with sacral nerve 
nevromodulation 


NJ. Kenefick, LR. Nicholls, R. Cohen and M.A. Kamm 
St Mark's Hospital, London, UK 


Aims: Severe constipation usually responds to conservative therapies, however, 
a small proportion of patients require more intensive treatment, and surgery 
provides variable results. Previously unreported, permanent sacral nerve sti- 
mulation may be of benefit in these patients. 

Methods: Four women, aged 27-36 years underwent temporary, and then 
permanent sacral nerve stimulation. All had severe constipation, resistant to 
maximal treatment, meluding behavioural therapy. Preoperative duration of 
symptoms was 8-32 years. Gut transit time was prolonged in two patients. 
Clinical evaluation. 3-week bowel diary, Wexner score, symptom analogue 
score, the SF-36 quality of life score and anorectal physiology were performed 
before and after treatment. 

Results: There was a marked symptom improvement in all patients with 
temporary, and in three with permanent stimulation. Median follow-up was 
{2 months (5-15). Bowel frequency improved (1, 6, | and 5 evacuations/3- 


weeks versus 21. 28, 17 and 6). There was an improvement in evacuation 
score ((0--4] 0, 4, 4. 4, versus O, 1, 1. 4), the per cent time with abdominal 
pain and bloating (95, 100, 95, 100 per cent versus 0, 10, 14, 100 per cent), 
the Wexner score ({0-30] 22, 20, 22, 20 versus J, 9, 9, 20), the analogue 
score ({O-100] 38, 28, 16, 17 versus 98, 75, 84, 20) and quality of life. 
Anorectal physiology demonstrated increased maximal anal resting and 
squeeze pressures. Rectal sensation to distension and electrostimulation 
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improved. Transit time normalized in one patient and there were no major 
complications. 

Conclusions: Permanent sacral nerve stimulation can effectively treat patients 
with idiopathic constipation when other therapies have failed. 


Poster 03 


Combination treatment of colorectal liver metastases with resection 
and radiofrequency ablation 


A. Oshowo, A.R. Gillams, W.R. Lees and I. Taylor 


Departments of Surgery and Radiclogy, Royal Free and University College 
Medical School, University Cotlege London 


Aims: Radiofrequency (RF) ablation is increasingly accepted as a treatment 
option in patients with unresectable colorectal liver metastases. In this study, 
we assess outcome in patients treated with a combination of liver resection 
and RF. 

Methods: Sixteen patients with multiple or unresectable colorectal liver 
metastases were treated. Six had RF at open laparotomy, three had syn- 
chronous liver resection and RF, seven had metachronous liver resection 
and percutaneous RF. A total of 27 tumours, diameter 1,2—-10cm were 
treated with high-power, internally water-cooled RF using single or cluster 
electrodes. Intraoperative US was used to guide electrode placement and 
monitor the bubble cloud. AH patients were followed with serial CT scans. 
Results: Eleven are alive at a median follow-up of 2} months (2-97) from the 
diagnosis of liver metastases. Seven of 11 (64 per cent) have no evidence of 
residual or recurrent liver tumour on contrast-enhanced multislice CT. Five 
patients have died at 12, 23, 33, 40 and 67 months, respectively. There were 
three complications, a pleural effusion requiring percutaneous drainage. focal 
grounding pad burns in a cachectic patient with bilateral hip replacements and 
severe transient hip pain 18 h postprocedure which resolved spontaneously. Two 
of six (33 per cent) intraoperative ablations were incomplete reflecting the 
difficulty of using US to morstor treatment efficacy in all but small (<2 cm} 
lesions. 

Conclusions: Intraoperative radiofrequency ablation in combination with 
resection can be used to extend treatment to patients previously considered 
nonsurgical candidates. 


Poster 04 
Improvements in surgical care for patients with diverticular disease: 


evidence from 799 deaths peer-reviewed for the Scottish audit of 
surgical mortality 


A. Beltran, D. Ziyaie, G. McPhillips, H. Burton, P.A. Stonebridge and 
A.M. Thompson 


The Scottish Audit of Surgical Mortality, Ninewells Hospital and Medical 
School, Dundee DDI OSY, Scotland, UK 


Aim: To seek evidence of improvements in surgical care of patients with 
diverticular disease. 

Methods: From 1994 to 1999, 799 patients died with a principal diagnosis of 
diverticular disease. As part of the Scottish Audit of Surgical Mortality 
(SASM), each case was peer reviewed by a surgical assessor and, for 
the 396/799 (50 per cent) who had surgery, by an additional anaesthetic 
assessor, 

Results: In the first 3 years, the common causes of death were perforated 
diverticulitis, septicaemia, bronchopneumonia and cardiac events. Multiple 
organ failure and pulmonary embolism became more frequent as the cited 
cause of death by 1999. Adverse factors contributing to death fell from 22/135 
(16 per cent) in 1994 to 8/153 (5 per cent) in 1999. The common adverse factors 
were delay in transfer to surgical care or delay to operation; a missed diagnosis 
or wrong operation performed became less common. For 10/799 (< J per cent) 
patients (nine operative cases), adverse factor(s) caused death; these were 
complications of surgery and delays in management. In two patients operated 
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upon, anaesthetic care caused death. For patients who were graded ASA 3, 4 or 
5 at the time of surgery, senior surgeon and anaesthetist input rose over 6 years. 
For emergency admissions during 1997-1999, the timing of surgery was 
recorded: by 1999 fewer patients who subsequently died had their operation 
between 18.00 hours and 24.00 hours. 

Conclusions: SASM has mapped a reduction in adverse clinical decisions 
contributing to death from diverticular disease. However, inflammatory and 
cardiovascular complications of the disease process remain a significant 
challenge. 


Poster 05 
Acquired coagulation Factor XIII deficiency following colonic surgery 
D.G. Aitken and D.J. Leaper 


Professorial Unit of Surgery, University Hospital North Tees, Stockton on 
Tees, UK 


Aims: To assess the effect of colorectal excision surgery on Factor XUI (FXHD 
levels, and to establish any correlation between acquired FXII deficiency and 
outcome. 

Methods: Fifty-two patients undergoing elective laparotomy and bowel 
resection for colorectal malignancy were recruited to the study. Venous blood 
samples were collected preoperatively, and on the first, third and seventh 
postoperative days, FXII levels were calculated against known plasma stan- 
dard. A record was made of any postoperative complications. 

Results: The mean FXII level preoperatively was 145 per cent of normal. One 
patient was FXII deficient preoperatively (<70 per cent normal). Day | 
postoperative mean FXIH level was 110 per cent with six patients < 70 per 
cent, Day 3 mean FXIH was 97 per cent with nine patients < 70 per cent. Day 7 
mean FXIH was 103 per cent again nine patients < 70 per cent. Thirteen of the 
51 (25 per cent) patients with normal preoperative FXII levels became FXII 
deficient in the postoperative phase, with the average fall in FXII between 
preoperative levels and day 3 postoperative being 48 per cent. Fifteen of the 52 
patients had a recorded complication; this group of patients had a significantly 
larger drop in FXII levels than those without a complication (median 51 per 
cent versus 23 per cent, Mann-Whitney P = 0.009). 

Discussion: It would appear that the surgical insult caused by colorectal 
excision is sufficient to cause acquired FXII deficiency, and this may be 
associated with postoperative complications. Further work is ongcing., but if the 
larger series confirm these results, FXII substitution therapy in those patients 
who have significant falls in FXIH levels could potentially reduce postoperative 
complications, 


Poster 06 
Nonspecific colonic ulceration in patients with chronic renal failure 
A. Weale, C. Oppong, L. Biddlestone and A. Roe 


Department of Surgery and Department of Histopathclogy, North Bristol 
NHS Trust, UK 


Aim: Nonspecific colonic ulceration (NSCU) is a rare complication of patients 
with chronic renal failure (CRF). Our aim was to review the presentation, 
management and histopathological features of patients with NSCU. 
Methods: We searched the histopathology database for colon and rectum 
samples from patients under the care of renal physicians from 1994 to 1999. 
Samples were then reviewed by a consultant histopathologist in conjunction 
with the patient notes. 

Results: We identified 14 patients with a diagnosis of NSCU. On reviewing the 
histology, four had pathological features suggestive of a specific diagnosis, 
including one with cytomegalovirus. Six of the 10 patients remaining had 
polarizing crystals in the submucosa or mucosa, suggesting Oxalate deposition. 
The patients had a mean age of 59 years (SD + 10), and had required renal 
replacement therapy for between 12 and 192 months. Patients presented with 
either abdominal pain (six) or lower gastrointestinal bleeding (four). The site of the 
ulcers varied from right colon (four), transverse colon (two), splenic flexure (one) 
and left colon (three). Six required a colonic resection ( right hemicolectomy: four; 
transverse colectomy: one; subtotal colectomy: one). Four of these patients 
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presented with generalized peritonitis due to colonic perforation. Of the four 
patients with bright red rectal bleeding, one was found to have ulcers in the caecum. 
Conclusion: Patients with CRF presenting with abdominal pain or rectal 
bleeding should undergo full examination of the colon. NSCU is a cause of 
colonic perforation and surgeons should consider this in CRF patients present- 
ing with an acute abdomen. 


Poster 07 


Shorter hospita? stay associated with fast track postoperative care 
pathways and laparoscopic intestinal resection are not associated with 
increased physical activity 

M. Zutshi, A.J. Senagore, F.H. Remzi, V.W. Fazio and C.P. Delaney 


Department of Colorectal Surgery, Cleveland Clinic Foundation, 
Cleveland, OH, USA 


care protocols (FT) can reduce hospitalization after major intestinal surgery to 
4.5 days, as compared to the 7-10 days with traditional management (TR) and 
2.5 days after laparoscopic surgery (LC). We used computerized actigraphy 
(CA) to evaluate physical activity using TR, FT and LC approaches. 
Methods: Fifteen patients undergoing intestinal resection by LC, TR and FT 
were recruited. CA devices were placed on the wrist and ankle of each patient 
from day | until hospital discharge. Intrapatient and intergroup analyses were 
performed using 24h evaluations from 08.00 hours to 16.00 hours. Results are 
presented for level of activity (LOA; activity counts per minute), activity index 
(AI, per cent epechs with activity) and acceleration index (ACI; change in 
activity rate during analysis period) for 8.00-16.00 hours. 


“reremematttennen tennant etnies trestehsinmeenettnerererpsisnatnnieepee-- 


Wrist LOA Ankle LOA 
TR 6263 + 800 1640 + 3795 
FF 7874 + 8550 2153 + 4838 
LC 8526 + 9917 2326 + 4905 
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Results: LOS was significantly shorter in LC than FT and TR patients 
(P <0.01). There was no significant increase in wrist LOA for FT or LC 
patients. Ankle LOA, evaluated to determine whether this site was more 
accurate, showed no difference between groups. Similarly, there was no 
difference in AI or ACI. 

Conclusions: Although CA is an easily standardized method of evaluating 
physical activity after major abdominal surgery, no difference can be demon- 
strated between activity levels in patients managed by differi ng care pathways. 
Reductions in stay may be associated with factors other than a change in the 
level of physical activity after surgery. 


Poster 08 

Specialist colorectal nurse-run anal fissure clinic 

J.K.C. Huang, M. Steward and PT. Cullen 

Department of Surgery, Queen Elizabeth Hospital, King's Lynn, Norfolk 


Aims: Specialist colorectal nurse practitioners are knowledgeable and experi- 
enced in areas ranging from stoma care to endoscopy, and are invaluable to their 
departments and patients in both the hospital and the community. We report the 
experience of the anal fissure/GTN clinic run by our specialist colorectal nurse. 
Methods: After initial consultation with the consultant colorectal surgeon, all 
patients with anal fissures suitable for GTN ointment treatment were referred to 
the colorectal nurse who would commence treatment. She was to be contacted 
by phone, to provide advice, or a further consultation. The patients were 
routinely followed up 3, 6, and 12 weeks after starting treatment. Patient 
information was prospectively collected. 

Results: Thirty-seven patients have been seen to date. Twenty-three patients 
(62 per cent) were cured: of these, there were three recurrences (8 per cent) 
which all healed with a repeat course of treatment. Seven patients (19 percent) 
were considered failures and had surgery. Two patients were noncompliant 
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due to intolerable side-effects. Seven patients (19 per cent) had their symp- 
toms relieved, but the fissures were not clinically healed. The patients who 
only had symptom relief (19 per cent) or had recurrences (8 per cent) would 
normally have proceeded to surgery. In the current clinic. it was possible to 
avoid surgery. because the patients were given more intensive follow-up and 
further GTN treatment when necessary. all within days of the symptoms 
returning. 

Conclusions: Our anal fissure clinic run by a specialist colorectal nurse has 
significantly better clinical outcome and patient satisfaction than previous 
reports, and is therefore superior to treatment and follow-up by the routine 
clinics or the GP. 
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Limitations in the investigation of the anorectum 

K. Boyle, S. Stojkovic, L. Balfour, P. Finan, D. Burke and P. Sagar 
Department of Colorectal Surgery, The General Infirmary, Leeds, UK 


Aims: Anorectal investigations are an important part of the assessment of the 
anorectum. New catheter designs, improved software and transanal ultrasono- 
graphy equipment allow for a more detailed assessment of the anorectum. The 
aim of this study was to determine the degree to which anorectal investigations 
explained patients’ symptoms. 

Methods: Data was collected prospectively from all patients who underwent 
anorectal investigation over an 18-month period. Assessment included a clinical 
history, anorectal manometry, anal electrosensitivity and endoanal ultrasono- 
graphy. 

Results: A total of 361 consecutive patients were included: 273 females of 
median age 50 (IQR 39-64) years and 88 males of median age 50 GQR 34- 
66) years. Patients had symptoms of faecal incontinence in 167 (46 per cent), 
constipation or obstructive defaecation in 75 (21 per cent), leakage in 47 (13 per 
cent), urgency in 14 (4 per cent) and miscellaneous in 58 (16 per cent). Of the 74 
patients with a sphincter defect demonstrated by ultrasound, 43 (58 per cent) 
had normal anal canal pressures. Of the 75 patients with constipation who were 
continent, 28 (37 per cent) had low anal canal pressures, neuropathy or a 
sphincter defect. Of the 167 patients with faecal incontinence, 33 (20 per cent) 
patients had normal investigations. 

Conclusions: The majority of patients with sphincter defects have normal 
pressures. Over one-third of patients who are continent have abnormalities that 
suggest a deficiency of the sphincter mechanism and one-fifth of patients with 
faecal incontinence have normal investigations. Patients’ symptoms are only 
partly explained by anorectal investigations. New techniques such as resting 
pressure gradient calculation and transperineal ultrasonography may provide a 
more comprehensive assessment. 
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Functional outcome of rectopexy for obstructive defecation - what do 
the patients think? 


T.V. Chandrasekaran, A.B. Harikrishnan, A.R. Morgan, J. Beynon and 
N.D. Carr 


Department of Colorectal Surgery, Singleton Hospital, Swansea 


Aims: Obstructive defecation (OD) is characterized by prolonged straining at 
stools and a sense of incomplete emptying. This may be secondary to rectal 
intussusception, and rectopexy has been used to correct this abnormality and 
thereby improve OD. 

Method: A cohort of patients who underwent rectopexy for OD between 
January 1997 and December 1998 was identified from the computer records 
and their case notes retrieved and analysed. Thirty-six patients (M:2: F:34) 
(median age: 54 years; range: 20-71) underwent surgery for OD. A simple 
functional assessment questionnaire was sent to 35 patients by post. The 
identity of the patient was kept anonymous. Twenty-seven patients (77 per 
cent) responded. 

Results: Following surgery, sustained improvement in OD was noted by 28 per 
cent, while 18 per cent felt an initial improvement only. No change was reported 
by 30 per cent, while 24 per cent felt they were worse. Ten patients (37 per cent) 
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had faecal leakage which resolved in two (20 per cent), improved in five (50 per 
cent) and persisted in two (20 per cent). Prior to surgery, 14 (52 per cent) were 
digitating rectally to aid defaecation. This resolved in one (7 per cent), 
improved in four (29 per cent), while six patients (43 per cent) felt no change 
and three (21 per cent) felt worse. Following surgery, laxative usage increased 
from 58 to 78 per cent. Ten patients (37 per cent) were satistied with the 
outcome of surgery. Five patients (19 per cent) would recommend a rectopexy 
to someone with similar symptoms. 

Conclusion: The overall patient satisfaction following rectopexy for OD is less 
than ideal. Hence careful patient selection and counselling prior to surgery i$ 


essential. 
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Outcome of long-course radiotherapy for rectal cancer 

N. Bhala. PB. Goodfellow, M. Katory and D.J. Radstone 

Weston Park Hospital, Sheffield Teaching Hospitals. Sheffield, UK 


Aims: The use of preoperative radiotherapy in the treatment of locally 
advanced rectal cancers is established as a technique. We prospectively audited 
the outcomes of all referrals 1o one regional oncology unit. 

Methods: All patients with locally advanced rectal cancer referred to the 
oncology unit for long-course radiotherapy from February 1997 to January 
2001 were included. This included referrals from seven regional hospitals. 
Results: There were 48 patients who underwent long-course radiotherapy (| 3 
female) with a mean age of 64 years (range: 38~81). All received 45 Gy in 25 
fractions of four field pelvic radiotherapy over 6 weeks, The median time from 
referral to radiotherapy was 34 days (range: 18-83). AH tumours were fixed at 
preoperative EUA assessment. After radiotherapy, nine were assessed as still 
fixed, and 30 were documented as regressing or smaller. The overall l-year 
survival rate was 50 per cent, with a median survival of 9 months (range: 1-47). 
Twenty-nine (58 per cent) patients went on to have a resection, and the median 
survival was 12 months (range: 3-47) (significantly different P < 0.01, Mann- 
Whitney U-test). There were four significant postoperative complications 
(fistula, MI, bleeding, stoma! prolapse). 

Conclusions: Patients with locally advanced rectal cancer have a poor overall 
prognosis, Long-course radiotherapy downstages some tumours, and resection 
offers a small survival benefit. The survival benefit is however small, and the 
quality of life for the patient should be considered as most important when 
discussing surgery. 
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Laparoscopic surgery for Crohn's disease: 10-year experience 
K. Moorthy, T. Shaul and RJ. Foley 

Department of Surgery, Bedford Hospital, Bedford MK42 9DJ. UK 


Aims: Even though laparoscopic surgery is an established technique for the 
management of complicated Crohn’s disease, there are very few series reported 
from the UK. 

Methods: Data was gathered from the case notes of patients who had 
undergone laparoscopic procedures for Crohn’s disease in the period between 
1991 and 2001. 

Results: Fifty-seven laparoscopic procedures were performed on 48 patients. 
There were 17 males and 3) females. The mean age was 35.7 years 


19 cases, strictures in 23, internal fistulae in 6 and other reasons in 9. 
Thirty-one were primary procedures and 26 were procedures for recurrence. 
Twenty-eight of these procedures were ileo-colic resections, 11 were small 
bowel procedures, 2 were subtotal colectomies, 3 were left hemi-colectomies 
and there were 13 other procedures performed (adhesiolysis, ileostomy and 
stapled fistulectomy). The mean blood loss was 340.5 (SD = 389.2)em". The 
mean operative time was 130.4 (SD = 45.1) min. The median time to return to 
a solid diet was 5days (range: 2-8). The median hospital stay was 8 days 
(range: 4-47). The conversion rate was 28 per cent. The major complication 
rate was 15.8 per cent (9 of 57). There were six other cases of minor 
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complications, The recurrence rate was 24.5 per cent. The mean follow-up 
was 43 (SD = 26) months. 
Conclusions; Laparoscopic surgery for Crohn’s disease is safe with a low 
complication rate. Seventy-two per cent of patients undergo laparoscopic 
surgery successfully and enjoy the benefits of an early return to normal diet 
and a shorter hospital stay. 
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Does chromendoscopy have a role in the detection of dysplastic colonic 
epithelium? 


K. Gokul, M. Zeiderman and S. Dundas 
Department of Surgery and Pathology, Southport and Ormskirk NHS Trust 


Aims: Early detection and treatment of colonie cancer improves survival but 
endoscopic detection of dysplastic epithelium maybe difficult. This study was 
designed to assess the usefulness of vitalstaining in detecting abnormal 
epithelium. 

Methods: Patients eligible for the study comprised a high-risk group for 
colonic cancer (polyps, ulcerative colitis, previous colonic cancer, family 
history). Bowel preparation was with picolax or phosphate enema. Areas of 
colonic or rectal mucosa which appeared abnormal were sprayed with 
toludine blue solution through an endoscopic cannula and left in situ for 
Imin before being washed with | per cent acetic acid solution. Areas 
taken up by the dye were biopsied (dye positive). Suspicious areas not 
taken up by dye were also biopsied (dye negative). All endoscopic proce- 
dures were by the same surgeon and histology reporting by single pathol- 
OMISt. 

Results: Over a 10-month period 30 patients underwent chromendoscopy, 
age range 52-88 (mean 68.4; median 7) years. Vital staining was positive in 
25 patients. Nine showed dysplastic epithelium, 11 inflammatory changes 
and five normal mucosa. Five biopsies were dye negative (four metaplastic 
polyps, one malignant polyp). Sensitivity for identification of dysplastic or 
malignant epithelium was 90 per cent and specificity 20 per cent. Negative 
predictive value was 80 per cent and positive predictive value 36 per cent. 
Conclusion: The study has shown that vitalstaining with toludine blue is a 
useful adjunct to endoscopy and detects dysplastic epithelium. Although the test 
has a high sensitivity, it lacks specificity and does not differentiate between 
dysplasia and inflammation. 


Poster 14 
Virtual colonoscopy in colorectal surgery 


P.S. Jambulingam, N. Suggett, B. Hunter, S. Rastall, I. McCafferty and 
T. Ismail 


Department of Surgery and Department of Radiology, University Hospital 
Birmingham NHS Trust 


Aims: Virtual colonoscopy (VC) involves interactive real-time manipulation of 
helical computer tomography data to produce two- and three-dimensional 
images of the entire colon, permitting endoluminal fly through as well as 
surface and volume rendering. It is minimally invasive; it may be safer, more 
cost effective, and better accepted by patients than colonoscopy. This pilot study 
evaluates the accuracy of VC with colonoscopy/barium enema (C/BE) as a 
reference standard. 

Methods: Forty-seven patients (25 male; mean age: 72 years: range: 40-92) 
presenting to the colorectal clinic underwent VC with a back-to-back C/BE. 
Data acquisition and analysis was performed using Easy Vision Endoview 3-D 
software. The results of the VC were compared with the findings of conven- 
tional C/BE and correlated with outcome. In 11 of the 47 patients who had 
abnormal BE/C, the findings on VC were all confirmed at surgery. Nodal status 
concurred at surgery, Twenty-nine of the 47 patients with abnormal or equivocal 
BE/C had a normal VC and were discharged from follow-up. 
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Conclusions: Virtual technology has the advantage of detecting abnormalities 
proximal to obstructing carcinomas, accurate localization of abnormalities 
within the colon and good patient tolerance. The sensitivity of VC appears 
to be remarkably high. VC may play an important role in future colorectal 
surgery. 
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Missing colorectal cancer — the 2-week wait 

J.S. Cark, A.B. Williams, A.C. Steger and J.C. Linsell 

Department of Surgery, University Hospital Lewisham, London, UK 


Aims: The NHS Cancer Plan aims to improve patient confidence in the cancer 
care system, and states that as soon as cancer is suspected, the patient must be 
seen within 2 weeks of receipt of an urgent referral. This study assesses the 
introduction of guidelines and an urgent referral proforma for colorectal cancer 
at our hospital, following the national implementation of the 2-week standard in 
July 2000. 

Methods: Prospective data was collected for all referrals for an 8-month 
period commencing July 2000 (353 cases). There were 152 (43 per cent) general 
practitioner-initiated proforma, 89 (25 per cent) consultant surgeon-initiated 
proforma and 112 (32 per cent) routine referrals. 

Results: Eighty-four per cent of referrals described symptoms meeting the 
proforma guidelines, Only 46.6 per cent of these were referred by general 
practitioners. Analysis of all cases meeting the criteria showed the proforma to 
have a sensitivity of 95 per cent, and a negative predictive value of 96 per cent 


actual proforma referrals received the proforma was not predictive for neoplasia 
(ns). Analysis of individual proforma criteria shows none of these to be 
independently predictive for colorectal neoplasia. A total of 97.5 per cent of 
proforma referrals were seen within 2 weeks. 

Conclusion: We have shown that with 100 per cent uptake of the proforma 
system, 5 per cent of cancer cases will be missed. The only way to give cancer 
patients guaranteed access to optimal cancer care is for all colorectal 
referrals, irrespective of symptoms, to be seen within 2 weeks of receipt 
of a referral. 


Poster 16 


The impact of microscopic extranodal tumour deposits on the outcome 
of patients with rectal cancer 


A.G. Prabhudesai, $. Arif, C.J. Finlayson and D. Kumar 


The Departments of Colorectal Surgery and Histopathology, St George’s 
Hospital, London, UK 


Aims: Microscopic mesorectal soft tissue extranodal deposits (END) discon- 
tinuous with the primary tumour are identified in many rectal adenocarcinomas. 
We have studied the impact of these deposits on the outcome of patients with 
rectal cancer. 

Methods: Histology slides were reviewed from 84 patients whose resection 
specimens for rectal cancer were staged as Dukes’ C, or Dukes’ B with ENDs, 
Fourty-four patients had ENDs (30 M and 14 F), and 40 controls had lymph 
node involvement only (25 M and 15 F). Outcome was assessed in terms of local 
and systemic control and survival. 

Results: Distant metastases were diagnosed earlier in patients with ENDs 
(mean: 14months), compared to controls (mean: 37 months) (P = 0.001). 
Twenty-five per cent of the END-group patients, but only 7.5 per cent of 
the controls developed hepatic metastases (P = 0.02). Local recurrence was 
seen in 13.6 per cent patients of the END group and 7.5 per cent of the controls 
(P == 0.47). Cancer-related mortality was higher in the END group (20 patients 
versus 10 patients, P = 0.025). The 3-year actuarial survival was 43.18 per cent 
in patients with ENDs and 67.5 per cent in those without. A significant 
association was noted between the number of ENDs and intramural vascular 
invasion (P = 0.002), perineural invasion (P = 0.025) and lymph node involve- 
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ment (P = 0.01). There was no similar correlation with extramural vascular 
invasion. 

Conclusion: These data suggest that END is a distinct form of metastatic 
disease in patients with rectal cancer. These tumour foci should be considered as 
indicators of poor prognosis. 


Poster 17 
The role of CT colonography in colonic strictures 
V. Munikrishnan, A.R. Gillams, W.R. Lees and P.B. Boulos 


Department of Surgery and Department of Academic Imaging, Royal Free 


and University College Medical School, London, UK 


Aims: Strictures of the colon by diverticulosis or carcinoma prevents visua- 
lization of the lesion and the proximal colon by barium study or colonoscopy 
which is particularly essential in carcinoma to rule out a synchronous lesion. 
This study examines CT colonography (CTC) as an alternative imaging 
modality, 

Methods: Thirty-three patients (20 men, median age: 69 years) with colonic 
strictures on colonoscopy underwent CTC following standard bowel prepara- 
tion, intravenous contrast and rectal air insufflation. The CTC and colonoscopy 
findings were compared, 

Results: Colonoscopy suspected carcinoma in all 33 patients of which two 
were associated with diverticular strictures. Colonoscopy failed to visualize 
the proximal colon in all patients. CTC showed appearances of carcinoma- 
tous stricture in 31 patients and of diverticulosis in two, The resected 
specimens confirmed colonic carcinoma in 30 patients and diverticular 
stricture in three. The proximal colon was adequately outlined by CTC in 
all patients. CTC identified a synchronous carcinoma in one and tubulovillous 
adenoma in two other patients that were confirmed intraoperatively and 
resected. 

Conclusions: CTC should be considered as an alternative imaging technique 
to evaluate the lesion and proximal colon in patients with colonic strictures. 
However, CTC may not be able to clearly distinguish carcinomatous change in 
diverticular strictures in some cases. 


Poster I$ 
A new method of assessing anal sphincter integrity using inverted 
vectormanometry 


G. Kaur, A. Gardiner and G.S. Duthie 
Academic Surgical Unit, Castle Hill Hospital, Hull 


Aims: Vectorgraphy, with integrated mapping of radial pressure profiles of the 
anal canal, has doubtful reliability in identifying pressure-related defects, and 
poor correlation with endoanal ultrasound (EAUS) scans. We aimed to devise a 
technique to enable vectorgraphy to be more representative of sphincter 
function and integrity and be of clinical guidance. 

Methods: Vectormanometry was performed in 50 patients with anorectal 
disorders using a standard Arndorfer pneumo-hydraulic system. Three-dimen- 
sional manometric images of each 0.5-cm ‘slice’ of the anal sphincter were 
computer generated by plotting anal pressures at rest and during squeeze in all 
the eight channels at each station, radially around a central zero axis. The 
graphs were then inverted with zero at the periphery and the maximal anal 
pressure at the centre. Both ‘inverted’ and standard vectorgraphs were com- 
pared with EAUS images at similar levels, assessing interna] and external anal 
sphincters. 

Results: Standard vectormanometry produced excellent profiles of pressures 
throughout the anal canal; however, the anatomical interpretation of the anal 
canal bore no resemblance to the pictures produced by EAUS. When ‘inverted’ 
vectorgraphy was used, the graphs generated showed a much better correlation 
with EAUS pictures at each 0.5-mm level of the anal canal. This was true both 
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for squeeze pressure graphs and external sphincter correlations. as well as for 
resting pressure graphs and internal sphincter correlations. 

Conclusions: Accurate assessment of sphincter integrity is difficult when 
interpreting the vectormanometry graphs in the current format, ‘Inverted’ 
vectorgraphy gives good correlations with EAUS and provides combined 
functional (pressure measurement) and anatomical (three-dimensional profile) 


information regarding the anal canal. 
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The 2-week colorectal cancer referral pathway ~ is it effective? 
D. Vieten, A. Hollowood, L. Carney and A.R. Dixon 

Department of Colorectal Surgery, Frenchay Hospital, Bristol, UK 


Aims: NHS Executive guidelines for the referral of patients with suspected 
colorectal cancer (CRC) were introduced in an attempt to reduce the time to 
diagnosis and treatment. The aim of this study is to assess whether the 2-week 
referral pathway has achieved a reduction in the wait to first outpatient 
appointment (OPA), diagnosis and treatment. 

Methods: Data were collected on all CRC patients seen in the specialist clinic 
via the fast-track referral system between March 2000 and December 2001. 
Days waited from referral to OPA, days to diagnosis from OPA and days to first 
treatment from date of diagnosis were calculated. This data was compared to 
that calculated for CRCs referred in the same time period via GP letter and a 
historical control group of all CRC diagnosed between March 1998 and 
December 1999. 

Results: Between March 2000 and December 2001, 137 patients with CRC 
were seen, 51 (37 per cent) as a result of fast-track referrals and 86 (62 per cent) 
referred via GP letter. In the historic control group, there were 136 patients with 
CRC. The table demonstrates the delay to OPA, diagnosis and treatment for the 
three groups. 





Fast-track GP letter Historic 
referrals referrals controls 
Days waited 10.9 26.2 10.2 
(referral to OPA) 
Days to diagnosis TS 16.7 8.6 
(OPA to diagnosis) 
Days to first treatment 12.6 8.6 6.8 
(diagnosis to treatment) 





Conclusions: The 2-week wait referral system has failed to reduce the time to 
diagnosis and treatment of colorectal cancer. The majority of CRC patients are 
currently not referred as fast tracks (63 per cent), and in these patients the time 
to diagnosis has in fact increased. 
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Peritoneal adhesion formatien after laparotomy may be accentuated by 
postoperative bacterial translocation 


R. Cahill, J. Wang, S. Sookhai and H.P. Redmond 


Departmeni of Academic Surgery. Cork University Hospital, Wilton, Cork, 
Ireland 


Aims: As translocation of enteral bacteria and their peptides potently activates 
immune responses to surgery, we assessed and modulated the effects such 
peritoneal contamination has on adhesion formation after surgery. 

Methods: Two endotoxin-hyposensitive mouse strains (C3H/HeJ and C57/ 
ScCr) along with their synergic counterparts (C3H/HeN and C57/ScSn) under- 
went reproducible adhesion-mducing surgery (AIS) (n= 10 per group) with 
blinded grading of adhesions (0-3) 14 days later. To reflect the time course of 
bacterial translocation, CD-1 mice underwent either AIS or sham laparotomy 
lh after gavage with FITC-LPS (5mgmL”'), their peritoneal macrophages 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


being assessed 2, 6 and 10h later by flow cytometry. Additional CD-1 mice had 
AIS, recerved either bactertcidal/permeability-mcreasing protein (BPI, 2 mg per 
mouse) or vehicle solution intraperitoneally at 0, 2, 4 and 6h postoperatively 
Results: Both HeJ and ScCr mice had mgnificantly Jess adhesions than therr 
respective controls FITC-LPS in peritoneal macrophages was greater in the 
AIS group for 6h postoperatively. Postoperative BPI markedly attenuated 
subsequent adhesion formaton (see Table) 


HeJ/HeN 1 4 (40 5)°72 6 (+0 6) 
seCrScSn 12 (40 47727 (+10) 
BPi/vehicle 08 (40 2)°/1 7 (40 2) 


Mean channel fluorescence of pemtonea] macrophages (data are mean + SE) 
Tome after surgery (h) 2 6 10 


Adbesion-indocmg surgery (AIS) 1216 Py i oad at 0 
Sham laparotomy (Sham lap) 43+] i542 0) 


Mean (4+SE) adhesion scores for each groupfcontro!l CP <005, Mann- 
Whitney U-test/ANOVA) 


Conduslon: Peritoneal adhesion formation after laparotomy may be exacer- 
bated by perioperative bacterial translocation, an effect markedly diminished by 
appropnaicly administered penoperative antibacterial agents 


Breast 
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The expression of the breast cancer marker mammagiobin in 
peripheral blood and bone marrow 


AL Thome, S Amar, A W., Thome, C Crane-Robinson, M Jeffery, 
C Yiangou and M Perry 


Departments of Surgery and Pathology, Queen Alexandra Hospital, 
Portsmouth and Department of Biological Sciences, University of 
Portsmouth, UK 


Alms: Mammaglobm is expressed ın over 80 per cent of breast cancers, and 
though ıt 1s not expressed in healthy axillary nodes, it has been detected in those 
containing metastases and it has also been shown to improve the detection of 
micrometastases in axillary nodes. Patients with tumours that express mam- 
maglobin may also have expression 1n peripheral blood and bone marrow, and 
we therefore wish to identify those patients with mammaglobin expression 
detectable mn their tamours and the value of mammaglobm as a marker in bone 
marrow and penpheral blood. 

Methods: The tumour, axillary nodes (including sentine! nodes), peripheral 
venous blood and sternal bone marrow were assayed for mammaglobm 
expression using a nested reverse transcriptase polymerase chain reaction 
Results: In 72 consecutive patients with proven breast cancer, mammaglobin 
was expressed in 18 patents’ bone marrow and 16 patients’ perrpheral blood Of 
the 20 patients where mammagiobin was expressed in lymph nodes, nine had 
expression in the bone marrow and sx in peripheral blood. Of the 17 patents m 
whom the tumour showed lymphovascular invasion, four had expreanon in 
blood and sx in the bone marrow 

Condusion: Mammaglobin has been shown to be a reliable marker 1n lymph 
nodes in patients with breast cancer indicabng metastatic disease This marker 
has also been identified in penphberal blood and bone marrow, continuing 
follow-up of these patients will determine its value and prognostic significance. 
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Quality assurance sudit in axillary surgery 

R Pillansett, N. Soakhan, D. McCarthy and CJ Davies 

Department of Surgery, Glan Clwyd hospital, Rhyl, North Wales 

Alms: The results of Breast Test Wales (BTW) udit conducted m 1998 and 


carculated to the consultants involved in 2001 has shown that sampling/ 
clearance of more than four lymph nodes was not achieved in four out of 


Br. J. Surg. Vol. 89, Suppl. 1, June 2002 


ASGBL Posters 01-80 


the 17 trusts in Wales, of which ours was one This study aimed to assess the 
accuracy of BTW audit ın onr firm and to find out 1f our results were in keeping 
with the BASO guidelines. 

Methods: The records of all patents operated for symptomatic breast cancers 
during the calendar year 1998 were retrospectively reviewed. 

Results: Some 82 patients underwent surgery for invasive breast cancer from 
January to December 1998. Forty-nine (60 per cent) patients underwent axillary 
sampling, whilst 33 (40 per cent) underwent axillary clearance. Only 65 patients 
(79 per cent) underwent sampling/clearance of more than four lymph nodes 
(BASO standard: >90 per cent) We were disappointed to find that the results 
were 10 keeping with BTW audit and that our current practice of axillary 
samplmg fell short of the BASO guidelines. 

Conclusions: It has been our surgical policy to remove fat and lymph nodes en 
block from level 1 region and rely on the pathologist to find lymph nodes from 
this block of issue. We hope that by changing toa more secure policy,1 e dissecting 
oat at least four lymph nodes from the axilla and presenting them to the pathologist, 
we would be able to achieve the quality outcome measure in axillary surgery 
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Pathological complete response and improved breast conservation 
rates after primary medical therapy for operable early breast cancer 
L Parvanta, J. Weston, H Birch, C. Topham, S Houston and A. Bail 


Department of General Surgery and Department of Histopathology, 
Crawley Hospital, West Sussex and Department of Oncology, Royal Surrey 
County Hospital, Surrey, UK 

Alms: A number of studies have shown that primary medical therapy (PMT) 

achieves clinical overall response (COR) rates of 70-90 per cent in women with 

operable carly breast cancer However, pathological complete response (pCR) is 
achieved in <20 per cent of cases 

Methods: We reviewed response rates to PMT in 29 women, aged 31-76, with 

stage T2~T4 breast cancer treated with vanous chemotherapeutic regimens 

between 1997 and 2001 

Results: 

1 Twenty-three of 29 (79 per cent) patents exhibited cOR and 13/29 (57 per 
cent) exhibited clinical complete response (cCR). Three patients with cCR 
had recurrence within 19 months of treatment 

2 Exght of 22 (36 per cent) patents proceedmg to surgery exhibited pCR. There 
has been no recurrence in this group so far. 

3 Of the 18 patients planned for mastectomy at presentation, 7 (39 per cent) 
were suitable for breast conservahon after PMT 

Concduslon: As pCR may be associated with mproved overall survival, our 

results are encouraging PMT can increase breast conservation rates and allows 

evaluanon of response to chemotherapy PMT should be considered as an 
alternatrve to conventional adjuvant therapy in operable early breast cancer. 
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Needle biopsy in the breest clinic: core biopsy, fine-needle aspiration or both? 
S Thrush,’ K. Kunasingam,’ G Russell,? T Willama,' and P. Bentley’ 
Department of Surgery, Kent and Sussex Hospital, Tunbridge Wells and 

2 Department of Histopathology, Pembury Hospital, Pembury 

Alms: To assess whether the use of the combination of core biopsy (CB) and 
fine-needle aspiration cytology (FNAC) 1s better than eather alone in the 
diagnosis of palpable breast cancer. 

Methods: The policy of our breast unit 18 to perform both CB and FNAC on all 
symptomatic lumps A member of the clinical team (not a radiologist or 
pathologist) performs these without imaging. The histology of all symptomatic 
patients presenting m the last 2 years was reviewed The sensitivities of CB, 
FNAC and the combmaton of both were recorded Tamour parameters were 
also exammed. 

Results: A total of 246 symptomatic breast cancer penents with a median age 
of 61 presented over this period The sensitivity of FNAC was 75 per ceat and of 
core biopsy 85 per cent When both mvestigations are used in conyunction, the 
sensitivity was 91 percent The sensitivity improved with increasing lump size. 
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Conclusion: FNAC and CB have a reasonable sensitivity, but the combination 
of both is superior, We recommend the use of both FNAC and CB for the 
assessment of symptomatic breast lumps in a district hospital breast clinic. 
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Does pregnancy termination affect subsequent breast disease? 
B.A. Merrigan, C. Yiangou, M. Wise and ML Perry 

Breast Clinic, Queen Alexandra Hospital, Portsmouth 


Aims: Controversy exists whether abortion increases the risk of subsequent 
breast cancer, though many studies imply this association. 

Methods: We surveyed the new female patients attending a one-stop breast 
clinic from December 1999 to February 2000 inclusively, In addition to the 
usual demographic and medical data, 387 new patients were asked about their 
total number of pregnancies and births to living children. 

Results: Of these women, 36 were diagnosed to have a breast cancer and 351 to 
have benign breast disease: 10.25 per cent (4 women out of 36) of the breast 
cancer patients and 29.6 per cent (104 out of 351) of the benign breast disease 
patients (P < 0.01) hac had an abortion. During the same period, the therapeutic 
abortion rate for the general population was calculated at 2.2 per cent for 16-35- 
year-old females (P < 9.001). There were no significant differences between the 
number of pregnancies or the number of living children between the two groups 
(O-S versus 0-12, P = 0.62 and 0-5 versus 0-7, P = 0.68). 

Conclusions: Sudden interruption of a pregnancy may induce dramatic 
hormonal changes in the breast, making subsequent breast disease more likely. 
This favours a more benign than malignant correlation. 
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The ‘2-week rule’ referral — is age of patient a safe criteria? 
P. Sinha, J. Brown, R. Kirby and C. Hennessy 


Breast Unu, University Hospital of North Tees, Stockton-on-Tees 
University Hospital of Hartlepool, Hartlepool, UK 


Aims: Government directive requires that patients referred by general practi- 
tioners with suspected breast cancer be seen within 2 weeks. The aim of this 
study was to see if ‘age of patient’ would be a safe criterion to assess suitability 
for such a referral. 

Methods: All ‘2-week rule referrals’ to the breast unit for a period of 6 months 
(February 2001-July 2001) were assessed for age of referral, symptoms of 
referral and number of confirmed cancers. This was compared with the ‘non 2- 
week rule’ referrals received during the same period. 

Results: Of the total 1435 referrals in the above period, 335 patients (23 per 
cent) were referred under the 2-week rule. Of these, 61 patients (18 per cent) were 
confirmed having breast cancer. Eighty-five of the patients (25 per cent) were 
under the age of 40 of which two had breast cancer (2 per cent). Of the 61 breast 
cancer patients, 57 (93 per cent) presented with a palpable breast lump and only 
one patient presented with the symptom of breast pain. Of the 1100 cases referred 
under the “non 2-week rule’ criteria, 36 (3 per cent) patients had breast cancer. 
Conclusions: In our experience, during the study period prioritization by 
general practitioner was safe. Patients under the age of 40 with no clinically 
palpable lump can be safely referred as routine, this may reduce the pressure 
created by the “2-weex rule’. 


Upper Gastrointestinal 
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Staging of gastric cancer in the West Midlands — appraisal of 
compliance with the UICC/AJCC staging system in 1644 cases 

M.S. Wadley,’ PJ. Mullaney,! C. Hyde? G. Lawrence,” M.T. Hallissey! and 
J.W.L. Fielding’ 

‘Upper GI Unit, University Hospital Bi rmingham, Edgbaston, Birmingham 
and °West Midlands Cancer Intelligence Unit, University of Birmingham 

The fitth edition of the UICC TNM staging system for gastric cancer has been 


shown to be of greater prognostic importance than the Japanese system and 
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suggests that the number of metastatic lymph nodes may be of greater 
prognostic value than their location. Por accurate staging however, this system 
requires at least 15 lymph nodes to be identified in the resected specimen. 
Aims: To assess the accuracy of gastric cancer staging by applying the latest 
TNM criteria to all resected cases in the West Midlands from 1998 to 1999. 
Methods: Data was obtained from the West Midlands Cancer Intelligence Unit 
for all cases of gastric cancer registered from 1998 to 1999. The number of 
lymph nodes detected in all resected specimens was recorded in order to assess 
the proportion of cases in which TNM staging was feasible. 

Results: A total of 1644 cases of gastric cancer were registered from 18 units in 
the region, with 699 (42 per cent) undergoing attempted curative resection. 
Fifteen or more lymph nodes were retrieved in 217 (31 per cent) operative cases. 
with a range of 11~76 per cent across units. 

Conclusions: A multidisciplinary approach is critical to the effective manage- 
ment of gastric cancer. This study highlights the need for close collaboration 
between surgeons and pathologists in order to improve the accuracy of gastric 
cancer staging. 
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Factors predicting common bile duct stones (CBDS) in patients with 
gallstone disease: the value ef magnetic resonance 
cholangiopancreatography (MRCP) 


B. Topal, M. Van de Moortel, 5. Fieuws, D. Vanbeckevoort, 
W. Van Steenbergen, R. Aerts and F. Penninckx 


Departments of Abdominal Surgery, Biostatistics, Radiology and 
Hepatology University Hospital Gasthuisberg, Catholic University 
Leuven, Belgium 


Aim: Even with the application of available predictive scoring systems for 
detection of CBDS, a large number of normal ERCPs are performed, with 
subsequent morbidity. The aim of the present study was to create a predictive 
model for CBDS and to assess the value of MRCP in order to detect CBDS in a 
consecutive series of unselected patients with gallstone disease planned for 
cholecystectomy. 

Methods: A total of 366 patieats with gallstone disease (M/F = 118/248; mean 
age: 57 years: range: 8-84 years) underwent cholecystectomy in our unit during 
the year 1998. Statistical analysis was performed on patient data obtained at the 
time of first presentation to the hospital. Simple logistic regression was used to 
explore the relations of different variables with demonstrable CBDS. To create a 
predictive model for CBDS, multivariate analysis was done, and the value of 
MRCP was assessed in this predictive model. 

Results: Common bile duct stones were demonstrated in 43 out of 366 (12 
per cent) patients. The most important predictors for demonstrable CBDS 
were: ultrasonography showing CBDS or bile duct dilatation, age > 60 years, 
fever, serum alkaline phosphatase level > 670UL™ ' and serum amylase 
level > 9SUL”'. In patients with a predicted probability of >5 per cent, 
MRCP demonstrated CBDS m 10.6 per cent. In patients with a predicted 
probability of <5 per cent, CBDS were demonstrated in 0.7 per cent. 
Conclusion: The combination of this new predictive model with MRCP will 
minimize unnecessary ERCP and tts subsequent morbidity in detecting CBDS 
in patients with gallstone disease planned for cholecystectomy. 
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Calcitonin precursors (CTpr): early markers of gut barrier 
dysfunction in patients with acute pancreatitis 


B.J. Ammori,’ K.L. Becker,’ P. Kite,” R.H. Snider,' E.S. Nylén,! J.C. White.’ 
G.R. Barclay,’ M. Larvin and M.J}. McMahon 


Division of Surgery, University of Leeds and ‘George Washington 
University and Veterans Affairs Medical Center, Washington, DC, USA 
“Department of Microbiology, The General Infirmary, Leeds, UK, and 
*Scottish National Blood Transfusion Services, The Royal Infirmary, 
Edinburgh EHI 2QN, UK 


Aims: The aim of this study was to evaluate the role of plasma CTpr as an early 
marker of gut barrier dysfunction im patients with acute pancreatitis. 
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Methods: Intestinal permeability to macromolecules (polyethylene glycol 
3350), serum endotoxin and sntiendotoxin core antibodies, plasma CTpr and 
serum C-reactive protein (CRP) were measured on admismon m 60 patients 
with acute pancreatitis Attacks were classified as mild (n= 48) or severe 
(a= 12) according to the Atlanta criteria. 

Results: Compered to mild attacks of scute pancreatitis, severe attacks were 
significantly associated with an increase in miestmal permeability index 
(median’ 0.02 verrus 0.006, P < 0.001), frequency of endotoxaemia (73 per 
cent versus 41 per cent, P=0 04), and extent of depletion of serum IgM 
anbendotoxin antibodies (median 43 MMU verms 100 MMU, P=0 004) 
Plasma CT pr levels were mgnificantly elevated in patients with severe attacks 
compared to mild attacks on the day of admission and on day 3 (median 
64fmolmL~' versus 22fmolmL™', P=003; and 90fmolmL™' versus 
29 fmol mL~', P= 0 003, respectively). A pomtrve and significant correlation 
was observed between the admission serum endotoxin and plasma CTpr levels 
on admission (r=07, P< 00001) and on day 3 (r-=0,96, P < 0.0001), and 
between plasma CTpr on day 7 and the mtestinal permeability index (r= 0 85, 
P=0 0001) A weak positive correlation was observed between peak serum 
levels of CRP and plasma CT pr on admission (r = 0.3, P =0 017) and on day 7 
(r=0 471, P=0.049). 

Conduslons: In patents with acute pancreatitis, plasma concentrations of 
CT pr appear to reflect the derangement ın gut berner fonction accurately rather 
than the extent of systemic inflammaton 
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An improved technique of pencreaticogastrostomy following 
pencreaticodnodenectomy 
ZF Soonawalla, K Conway and MCA Ponts 


Department of Surgery, University Hospital of Wales, Heath Park, Cardiff, 
UK 


Alms: Following partial pancreaticoduodenectomy, the pancreatic remnant can 
be implanted into the posterior wall of the stomach, however, this anastomosis 
is technically difficult to perform ın the manner usually described We present a 
method that facilitates construction of the pancreaticogastric anastomosis and 
assess its effect on the outcome 

Methods: All pylorus-preserving pencreaticoduodenectomies (PPPD) with 
pancreancogastric reconstruction performed by a single surgeon from Septem- 
ber 1991 to August 2000 were retrospectively analysed From 1991 to 1997, the 
reconstruction was fashioned from behind, as us usually descnbed, with a 
postertor single-layer anastomosis. From 1997 to 2000, the technique was 
modified by the addition of an anterior gastrotomy, and the pancreatic anasto- 
mosis was constructed via the gastric lumen The outcome of patients in the two 
groups was compared 

Results: There were 51 PPPDs performed during the penod of this study. the 
pancreaticogastrostomy was performed from outside the stomach in the first 31 
cases, and via an anterior gastrotomy in the last 20 cases There were threes 
major anasiomouc disruptions in the first group, wink the second group 
expenenced no major pancreatic leaks There were no cases of bleeding from 
the suture line and no complications attributable to the antenor gastrotomy 
Conduston: Following PPPD, the pancreeticogasinc anastomosis can be 
conveniently fashioned via an anterior gastrotomy This modificahon 
mmproves the field of vision, makes ıt easier to precisely suture the anastomosis 
and may contribute to a decrease m the rate of complications from this 
ANASTOMOSIS 
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Western body mass indices (BMI) need not compromise outcomes after 
modified D2 gastrectomy for carcinoma 


J Barry, G Blackshaw, P Edwards, P Murphy and W. Lewis 
Department of Surgery, Royal Gwent Hospital, Newport, South Wales, UK 
Alms: The western charactenstics of advanced disease at presentation and an 


over-representation of elderly, unfit and overweight patients are often cited as 
the reasons for poorer outcomes than those described in Japan after radical D2 
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gastrectomy. The aim of this study was to determine the role of BMI in a 
western population on outcomes after modified D2 gastrectomy (preserving 
pancreas and spleen where possible) for gastnic cancer 

Methods: Seventy-five consecutive patents undergoing an RO-modified D2 
gastrectomy were studied prospectively Thirty-four patents (median age 
69 years, 22M, median BMI: 260) classified as overweight with a high 
BMI by Japanese criteria (male BMI > 247, female > 22.6) were compared 
with 41 control patients (71 years; 77M; BMI: 21.7) with a BMI below the 
above reference values. 


Results: 

High BMI Low BMI 
ASA grade III (%) 12 (35) 20 (49) 
Stages of disease I I: T:IV 4 12 15:3 7:9 24 | 
Operatrve tme (min) 280 (182-390) 230 (145-355)™ 
Lymph node count 15 (12-31) 19 (12-32)* 
Operative mortality (%) 3 (9) 3 (7) 
Five-year survival (%) 57 54 


“Median (range), “Pearson coefficient = 0.371, P<001 


Conduston: Although 45 per cent of patients who were overweight required 
significantly longer operative times, outcomes were simular uTespective of BMI 
Anaesthesia and surgery are clearly more hazardous and tedious in overweight 
gastric cancer pahents, but this need not compromise the lymphadenectomy or 
influence the outcomes. 
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Early postoperative intraperitoneal chemotherapy (EPIC) for gastric 
carcinoma — a prospective study 

PJ. Lamb, S.M. Dresner, A Immanuel, S. Robinson, M Irving, N Hayes, 
S A. Raimes and S.M. Griffin 


Northern Oesophago-Gastnic Cancer Unit, Royal Victona Infirmary, 
Newcastle upon Tyna, UK 


Alms: Survival for patients with seross-positive gastric carcinoma remains poor 
predominantly as a result of peritoneal recurrence The am of this study was to 
determine the short- and long-term outcome following early postoperative 
Intraperitoneal chemotherapy (EPIC), 

Methods: From 1995 to 2001, 22 patients (median age 58 years, M F= 1 4 1) 
received EPIC with aqueous mitomycim C (day 1) and 5-fluorouracil (days 2—4) 
after subtotal or total gastrectomy for serosa-positive gastnc carcinoma Early 
outcome and long-term survival was compered to 140 patients (median age 
70 years, M F=2.9:1) who underwent surgery alone for transmural gastric 
carcinoma 

Results: EPIC was not completed for two patients (9 per cent) due to 
abdominal pein (n= 1) and leakage around the abdominal drain (a= 1). In- 
hospital mortality was comparable at 9 1 per cent (2/22) for EPIC and 7 8 per 
cent (11/140) for surgery alone (P = NS). A further 23 per cent (5/22) of EPIC 
patients developed major complications, including one case of mitomycin C 
glomerulonephrits Five EPIC peuents had residual peritoneal disease and all 
died of persistent carcinoma within 12 months of surgery Twenty-seven per 
cent (4/15) of EPIC patients without macroscopic residual peritoneal disease 
developed symptomatic loco-regional recurrence compared to 50 per cent (64/ 
129) following surgery alone (P = 0 09). The 3-year survival of these pabents 
was 44 per cent compered to only 18 per cent following surgery alone (n = 129) 
(P =0.14) 

Condusions: EPIC is not associated with increased mortality after radical 
gastrectomy A subgroup of patients experience excellent long-term outcome, 
and further investiganon of this treatment modality us warranted within the 
confines of a randomized controlled trial 
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Oesophageal stripping for postcerrosive stricture 

A.M.F. Hassn, R.K. Choudhary and R. Saad 

Department of Surgery, Ain-Shams University Hospital, Cairo, Egypt 


Aims: The aim of this study is to assess oesophageal stripping as a technique for 
benign strictures namely postcorrosive. 

Methods: Between July 1997 and November 2001, 16 patients were operated 
upon for postcorrosive oesophageal stricture. All patients had long strictures 
ranging from 14cm to the whole length of oesophagus and they all had failed 
medical and endoscopic treatment. A two-stage operation was performed including 
laparotomy, formation of gastric tube, pyloroplasty and feeding jejunostomy. 
Gastropharyngostomy was performed through a cervicotomy after stripping of 
the entire oesophagus using disposable vein stripper. Roux-en-Y pyloro-jejunost- 
omy was performed in three patients because of pyloric stricture. 

Results: All patients made complete recovery. Nine patients stayed one night in 
ITU, four patients spent two nights and three patients spent three nights. Three 
patients had anastomotic leak at the neck, Two of them presented with fistulae 
and the third one with a collection in the neck. These patients were treated 
conservatively nil by mouth, i.v. antibiotics, i.v. fluids and enteral feeding 
through jejunostomy. Follow-up of all 16 patients ranged from 2 months to 
3 years, and none of them had residual dysphagia or chest pain. 
Conclusions: Oesophageal stripping is to be recommended for postcorrosive 
strictures because of its simplicity, relative ease, safety and fewer postoperative 


complications, 
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Lack of availability of urgent endoscopic retrograde 
cholangiopancreatography (ERCP) may contribute to high early 
mortality from acute pancreatitis in Scotland 


S, Agrawal, A. Sirtwardena and C.J. McKay 
Lister Department of Surgery, Royal Infirmary, Glasgow, Scotland, UK 


Aims: The aim of the present study was to obtain a nationwide overview of 
death from acute pancreatitis (AP) in order to identify aspects of management 
amenable to modification. 

Methods: A total of 63 deaths from AP were identified in Scotland by the 
Scottish Audit of Surgical Mortality (SASM) during the calendar year 2000. 
Cases were reviewed, and only deaths from AP were included in the analysis. 
Results: There were 29 male and 34 female patients. The mean age was 
73 years. The diagnosis of pancreatitis was made before death in 60 patients (95 
per cent), in retrospect in one patient and at autopsy in two. Eight patients (13 
per cent) had stratification of severity of AP documented in the case notes 
within 48h of admission. Three patients could not be assessed. as they died 
immediately after admission. Out of 60 patients, 38 patients (63 per cent) 
underwent ultrasound scan of abdomen as part of their investigations. Twenty- 
nine patients (46 per cent) had a CT scan during their admission. Of 15 patients 
with a bilirubin of more than 40 umolL~'. four underwent ERCP that was 
completed successfully in two. The mean duration of in-hospital stay before 
death was 10.4 (1-64) days. Thirty-seven patients (59 per cent) died within the 
first 7 days of admission (early deaths), of these 30 (48 per cent) succumbed 
within 48h. all as a result of multiple-organ dysfunction syndrome. 
Conclusion: This study confirms the high proportion of early deaths from 
acute pancreatitis in Scctland and identifies the lack of availability of urgent 
ERCP as a potential contributory factor. 
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Persisting symptoms after treatment for achalasia: are clinicians 
diagnosing the problem? 


M.H. Arastu, A. Chandra, A. Anggiansah, R. Anggiansah and WJ. Owen 
Department of Surgery, Guy's and St Thomas’ Hospitals, London, UK 


Aims: Achalasia can cause persisting symptoms after definitive therapy and 
often there is some uncertainty as to the diagnosis. This study retrospectively 
examined the data of 318 patients referred to the Oesophageal Unit and 
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examined the mean time interval (MTP between the initial diagnosis of 
achalasia to referral to the unit. 

Methods: Over a 15-year period. 94 patients had therapy for achalasia and had 
persistent symptoms. Five patients were excluded for incorrect initial diagnosis. 
All patients underwent manometry, while 18 patients with reflux symptoms 
underwent ambulatory 24-h pH monitoring. Patients were analysed in three 
subgroups dependent upon treatment: balloon dilatation (group 1: n = 56; 30 
males, mean age: 46 years), myotomy (group 2: n= 7; five males: mean age: 
53 years) or both (group 3: n= 26; I1 males; mean age: 45 years). Prereferra! 
diagnosis was compared to the diagnosis after investigation. 

Results: The table below summarizes the study results. In all three groups, 
clinical referral diagnosis of under-treated achalasia was accurate (71/71). Post- 
treatment reflux was poorly diagnosed (8/18) and uncommon (8/89), Five 
patients with under-treated achalasia had coexistent post-treatment reflux. Total 
Ten of 18 patients with a prereferral diagnosis of post-treatment reflux had 
under-treated achalasia and no reflux. 

Conciusion: Failure to thrive after treatment for achalasia is a difficult problem 
and the average referral time is long (all groups >56 months). Post-treatment 
reflux is uncommon (8/89) anc tends to be overdiagnosed, whereas clinicians 
accurately diagnose under-treated achalasia (71/71). 





Pre-referral diagnosis accuracy (%) 


Persistent Post-treatment 
Patient groups MTI (months} achalasia reflux 
Group | 56 100 40 
Group 2 ie: 100 0 
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Laparoscopic in situ ablation (ISA) of liver cancer with cryotherapy 
and/or radiofrequency 


LS. Tait, S.M. Yong and A. Cuschieri 


Deparimeni of Surgery and Motecular Oncology, Ninewells Hospital and 
Medical Scheel, Dundee DDI GSY, Scotland, UK 


Aims: Curative resection is only feasible in 15-20 per cent of the liver cancers, 
and thus ISA may expand the indications for treatment. We describe cryother- 
apy (CSA) and radiofrequency ablation (RFA) for the treatment of irresectable 
liver Cancers using a laparoscopic approach. 

Methods: From January 1995 to December 2001, 38 patients with 146 lesions 
underwent ISA. Mean age was 62 years. Staging was by MRI and intraoperative 
ultrasound GOUS). ISA was by CSA (n = 9). combination CSA + RFA (n = 8), 
RFA (n= 13), combination RFA + resection (n == 6). Adjuvant chemotherapy 
(5 FUArinotecan) was given to 15/25 CRC patients. Pathology was colorectal 
cancer (CRC) metastases (n = 25), HCC (n=5), neuro-endocrine (n= 5). 
melanoma (= 2), renal cell carcinoma (2 = 1). Complications of ISA and 
survival outcome calculated using Kaplan-Meier survival curves with log-rank 
test, with CRC patients compared with age-matched controls treated with 
systemic chemotherapy. 

Results: Average follow-up was 26.6 months (range: 3-62 months: median: 
26 months), Twenty-two patients are alive, 16 are deceased. Survival is sig- 
nificantly increased in ISA group compared to controls (P < 0.0001), and is 
consistent with both CSA (P< 0.002) and RFA (P< 0.02). Ablation site 
recurrence is 28 and 20 per cent, and new liver deposits 38 and 20 per cent 
with CSA and RPA, respectively. Procedure-related complications are higher 
with CSA (23 per cent versus 2 per cent). IOUS identified 10 per cent additional 
deposits versus MRI. 

Conclusions: ISA is feasible with a laparoscopic approach and should include 
IOUS for accurate staging. ISA of liver cancer appears to have a survival 
benefit, and extends the therapeutic option in irresectable disease. A prospective 
randomized study of ISA in CRC metastases would seem reasonable. 
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The expression of TIMP-1 is a prognostic marker of poor outcome in 
patients with colorectal cancer Hver metastases 


RD Howell,’ W. Roche,? M. Rees? J. Blaydes' and JN Promroee! 


'Cancer Sciences Division and "Department of Pathology, Southampton 
General Hospital, Southampton, UK and "Hepatobiliary Unit, North 
Hampshire Hospital, Banngstoke, UK 

Alms: Matrix metalloproteznases (MMPs) and their inhibitors (TIMPs) are 
enzymes involved m extracellular matnx breakdown and remodelling and have 
been implicated in wmour invasion and metastatic spread We mvest gated 
patients undergoing liver resection for colorectal cancer liver metastases to 
identify which enzymes could be significant prognostic markers 

Methods: The expression pattern of MMPs (collagenase. MMP-1, gelatinase 
B: MMP-9, matrilysin MMP-7) and TIMPs (TIMP-1 and -2) was examined in 
formalin-fixed wax-embedded archrival tissue using immunohistochemustry. 
Samples from 105 patents undergoing hepatic resection for colorectal cancer 
metastases during the period 1988-1996 were analysed. 

Results: The expression pattern in the tumour immediately adjacent to the 
tumour/liver interface was examined The median survival was 3.2 years (95 per 
cent CI 2.34 | years) for those panents who do not express TIMP-1! ın tumour 
and 1 54 years (95 percent CI 1 16-1 92 years) for those who did (log-rank teat 
x? =3.54,d f = 1, P=0.060) When coexpression at the tumouz/Liver mterface 
of TIMP- 1 in the tumour and MMP- 1 in the liver was analysed, the log-rank test 
indicated a significantly reduced survival for patients coexpressing these 
enzymes (y? = 1080, df =4, P=0.029). Neither the expression of MMP-1 
alone nor any of the other enzymes predicted survival 

Condusion: TIMP-1 expreesion in colorectal cancer Irver metastases, parti- 
cularly in combination with MMP-1, 1s associated with poor outcome. TIMP- 1 
may be a useful prognoshc marker 
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Risk-adjusted outcomes after oesophageal and gastric operations for 


cancer 
RJ Morgan, C.P Barham, JM Blazeby, J. Vickers and D. Alderson 


University Divunon of Surgery, Bristol Royal Infirmary, Bristol, UK 

Alms: Centralization of surgery us at the core of proposed changes for service 
delivery in patients with oesophageal and gastric cancer Surgical case senes are 
open to the criticism that they fail to define the characteristics of the surgical 
population within the context of the disease as a whole 

Methods: The aim of this study was to prospectively measure short-term 
surgical outcomes in patients undergoing treatment for oesophageal and gastric 
cancers, using operation rates and a standardized scoring system (P-POSSUM) 
to define the surgical population 

Results: A total of 413 consecutive patients (223 oesophageal, 188 gastric) 
presenting to a single centre were evaluated For oesophageal cancer, 148 had 
operations with 140 (95 per cent) havmg resections aimed at cure Eighty-four 
(group A) underwent surgery alone and 56 (group B) had chemothera- 
py + radiotherapy and surgery Group C (eight pahents) had no resection. 
For gastric cancer, 74 had operahons with 53 (72 per cent) having resections 
aimed at cure (group D) and 21 having palliative operations (group E). Actual 
and predicted morbidities and hospital mortalities were as follows. 


Morbidity (%) Mortality (%) 
Group Actual Predicted Actual Predicted 
A 69 73 6 9 
B 73 69 12 7 
C 25 39 Q 3 
D 5I 59 4 6 
E 43 52 14 7 


Br J. Surg. Vol. 89, Suppl 1, June 2002 


ASGBI: Posters 01-80 


Condusion: There is a much higher resection rate for oesophageal cancer 
compared to gastric cancer P-POSSUM 1s an accurate predictor of morbidity in 
each group, but underestimates hospital mortality m patents undergoing multi- 
modal therapy for oesophageal cancer and palliative surgery for gastnc cancer 
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Does hospital size influence the outcome of patients with gastric cancer 
undergoing surgery? 

A.M. Thompson and K G M. Park for the Scottish Audit of Gastnc and 
Oesophageal Cancer 

Department of Surgery and Molecular Oncology, Ninewells Hospital and 
Medical School, Dundee DD’ 9SY, Scotland, UK 


Alms: To determine whether hospital size to which patients with gastric cancer 
presented influenced operation rates Furthermore to establish whether there 
was a difference in operatrve mortality and survival between hospitals of 
different sizes performing gastric resections 

Methods: Data from the Scottish Audit of Gastric and Oesophageal Cancer 
provided population-based data on the hospitals to which patients presented and 
underwent subsequent surgery. Follow-up data was complete for a minumum of 
l year Operation rates were compered for patients presenting to hospitals 
seeing <10 (band 1), 11-34 (band 2), 35-74 (band 3), and >75 (band 4) 
penents per year Hospital mortality and l-year survival were compared 
according to the hospital throughput where surgery was performed 
Results: The operation rates according to the hospital of presentation were as 
follows: 48 per cent band 1, 51 per cent: band 2, 53 per cent. band 3, and 47 per 
cent band 4 The operative mortality and |-yeer survival after surgery for high- 
and low-throughput hospitals are shown 1n the table 


No resections per year 1-14 15~29 30-44 >45 
Mortality and I-year survival (%) 154 133 143 133 


Conclusions: Although patients with gastric cancer in Scotland presented to 
53 different hospitals of differing sizes, there was no evidence to suggest that the 
chance of operation was compromised by presentation to a smaller unit. 
Sumularly, the m-hospital mortality and subsequent survival for patients with 
gastric cancer did not differ between boapitals of varying sizes performing the 
surgery 
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Telomerase expression and plasminogen activation in the progression 
of Barrett’s oesophagus to adenocarcinoma 

DF Hewin, VA Cadd, PJ. Warner, AC Woodman, N.A Shepherd and 
MN Vipond 


Department of Surgery, Gloucestershire Royal Hospital, Gloucester and 
Cranfield Biomedical Centre, Cranfield Untvernty, Susoe, UK 

Alms: Reacuvaton of telomerase and up-regulation of urokinase 
plasminogen activator (uPA) are important steps in the progression from 
Barrett’s oesophagus to adenocarcinoma, resulting in the development of an 
immortal invastve phenotype The effect of telomerase expression on plasmi- 
nogen activation during the development of Barrett’s adenocarcinoma was 
examined 

Methods: Sampks of normal oesophageal mucosa (NOM, n= 23), Barrett's 
mucosa without dysplasia (NDB, n= 14), low-grade dysplasia (LGD, n = 10), 
high-grade dysplasia (HGD, n= 10) and oesophageal adenocarcinoma (OAC, 
n= 30) were obtained by biopsy Expression of telomerase and levels of uPA 
and its receptor (aPAr) were determined by ELISA The uPA and uPAr profiles 
of samples expressing telomerase were compared with those of telomerase- 
negative samples 

Results: The uPA levels in normal mucosa and noodysplashc Barrett's were 
the same in telomerase-positive and telomerase-negative samples (NOM: 
0.21 ngmg! versus 0.18 ngmg—', NDB 0.40ngmg™! versus 0 42 ng mg™') 
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Expression of telomerase resulted in an increase in uPA expression early in the 
progression from low-grade dysplasia to carcinoma (LGD: 0.51 ng mg”! versus 
versus 1.7 ng mg` $). The uPAr levels were lower in tclomerase-positive normal 
mucosa than telomerase negative (NOM: 0.7ngmg°' versus 1.2ngmg~!). 
Telomerase expression was associated with an increased expression of uPAr 


early in the progression from Barrett’s to carcinoma (NDB: 5.2 ng mg’ versus 
2.0ngmg '; LGD: 2.5ng mg"! versus 0.9 ng mg '; HGD: 1.3ng mg! versus 


lL6ngmg ': OAC: 3.5ng mg ` versus S8 ngmg’). 

Conclusions: This study demonstrates that telomerase expression is accom- 
panied by increased expression of the components of the plasminogen activator 
system which are involved with invasion. Telomerase expression may therefore 
represent a novel marker for a more invasive phenotype in the development of 
oesophageal adenocarcinoma, 
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The role of laparoscopy with endoscopic ultrasound in preoperative 
assessment of patients with hepatobiliary malignancy 


N. Behar, H.J. Vadeyar and DJ. Sherlock 
Department of Surgery, North Manchester General Hospital, Manchester, UK 


Aims: Laparoscopic ultrasound is a relatively recent modality available for the 
surgeon in assessing resectability of a variety of hepatobiliary malignancies. In 
our unit, it has been routinely used for assessing colorectal metastases, 
cholangiocarcinomas and pancreatic carcinomas since 1998. The aim of this 
study was to demonstrate its accuracy in predicting operability, while its 
potential in avoiding unnecessary laparotomies over and above the more 
established radiological modalities of computerized tomography, angiography 
and ultrasound. 

Methods: Between 1998 and 2001, 104 patients underwent laparoscopy with 
surgeon-operated endoscopic ultrasound. In 85 patients, the procedure was 
undertaken with intent to resect. In seven patients (6.7 per cent), laparoscopy 
was abandoned due to adhesions and the patient underwent laparotomy by 
default at a later date. For pancreatic cancer, liver and peritoneal metastases as 
well as invasion of the portal vein was assessed, whereas for colorectal 
liver metastases and cholangiocarcinomas, primarily liver and peritoneal 
involvement was looked for. The patient was deemed inoperable if any of 
these parameters were positive. 

Results: Twenty-eight patients (36 per cent} were found to be unresectable at 
laparoscopy, avoiding unnecessary laparotomies. Fourteen patients (18 per 
cent) which were resectable at laparoscopy proved to be unresectable at later 
laparotomy. Of the 14 unnecessary laparotomies, on two patients palliative 
resection was contemplated and failed. Laparoscopy failed to diagnose portal 
vein involvement in nine patients (9/46 pancreas cancers = 20 per cent), In three 
patients. it failed to demonstrate significant liver metastases (3/78 = 3.8 per cent). 
In four patients, laparoscopy missed peritoneal metastases (4/78 = 5 per cent). 
Conclusions: Overall. laparoscopy correctly staged 82 per cent of patients in 


“ 


which the procedure was deemed successful, 
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Public perception of the significance of dysphagia 
M.S. Grannell, S. Kelly, S. Shannon, A.L. Chong and T.N. Walsh 


Department of Surgery, James Connolly Memorial Hospital, 
Blanchardstown, Dublin 15, Ireland 


Aims: Overall survival for oesophageal carcinoma is at best 10 per cent. Two- 


thirds of patients have symptoms for more than 3 months suggesting a lack of 


awareness of the sinister significance of dysphagia. 

Methods: A survey was conducted in the community using a questionnaire 
designed to evaluate the subjects’ impression of the significance of dysphagia 
and compare it with their perception of the significance of a breast lump. 
Results: There were 340 subjects interviewed. Seventy-five per cent stated they 
would attend a doctor withia | week of developing dysphagia compared with 86 
per cent who would seek attention fora breast lump (P < 0.05, %7, | d-f.). Only 14 
per cent felt that a cancer was a probable cause for dysphagia versus 79 per cent 
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who felt the same for a breast lump (P < 0.0001, 7°. 1. d.f.). Only 43 per cent felt 
that specialist referral was warranted for dysphagia, whereas specialist referral 
was expected by 92 per cent for breast lumps (P< 0.0001, y7. 1d.f). The 
commonest cause of dysphagia was considered to be an infection (63 per cent), 
Ninety-six per cent had heard breast cancer discussed in the media compared to 
only 28 per cent for oesophageal carcinoma (P < 0.0001, ¥*. 1d.f). 

Conclusions: There is evident need of an oesophageal cancer-awareness 
programme if patients are to present at an earlier stage of their disease. Whether 
this will translate to improved prognosis remains to be determined. 
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Endoscopic ultrasound as a primary modality for diagnosis of common 
bile duct stones — a prospective study 


HJ, Vadeyar, S.Y. Hrikhar, A.T. Cele and R.I. Hall 


Departmen; of Surgery and Department of Gastroenterology, Derby City 
Hospital and Derbyshire Royal Infirmary, Derby 


Aims: ERCP is the most common modality used for the diagnosis and treatment of 
common bile duct (CBD) stones, but the pickup rate is low and there isariskof acute 
pancreatitis. The aim of this study was to prospectively assess the efficacy of 
endoscopic ultrasound (EUS) as the primary diagnostic modality for CBD stones. 
Methods: Forty-four patients were entered into the study. All patients had 
presented with biliary colic or acute pancreatitis and were found to have 
deranged liver function or a dilated CBD on abdominal ultrasound. All patients 
underwent EUS as the primary diagnostic modality. Those with a finding of 
CBD stones on EUS underwent an ERCP and stone extraction, followed by a 
laparoscopic cholecystectomy (LC). Those with a negative EUS had an 
intraoperative cholangiogram (OTC) during their LC. All EUS procedures 
were performed by a single gastroenterologist. 

Results: CBD stones were found in 14 patients (31.8 per cent) at EUS. At ERCP, 
nine of these were found to be true positives (64.2 per cent) and five were false 
positives (35.8 per cent). Of the remaining 30 patients who underwent LC with 
OTC, two patients (6.6 per cent) were found to have CBD stones which were dealt 
with by posteperative ERCP. Twerty-eight out of 44 patients (63.6 per cent) were 
found to be true negatives and were thus spared an unnecessary ERCP. 
Conclusion: EUS is effective as a primary modality for diagnosis of CBD 
stones, but it is operator dependent and has a long learning curve. 
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Characterization of familial pancreatic cancer kindreds on the 


European registry of hereditary pancreatitis and familial pancreatic 
cancer (EUROPAC) 


I. Ellis, W. Greenhalf. N. Howes, A. Poll and J.P. Neoptolemos on behalf of 
EUROPAC 


Department of Surgery, Royal Liverpool University Hospital, Liverpool, UK 


Aims: In 10 per cent of the cases of pancreatic cancer, there is a familial 
background to the disease. Mutated genes predisposing to pancreatic cancer 
syndromes include PRSS/ (associated with hereditary pancreatitis), STK//, 
MLH1, BRCA2 and p/6INK4a. However, the gene responsible for the great 
majority of familtal pancreatic cancers (FPC) is not known. Discovering the 
gene(s) responsible for FPC will enable presymptomatic diagnosis and enhance 
our understanding of the molecular pathology of pancreatic cancer. EUROPAC 
has one of the largest collections of FPC families. Our immediate objective is to 
characterize the families so that we can carry out segregation analysis. 

Methods: After ethical committee approval, EUROPAC recruited 113 families 
with pancreatic cancer (223 affected individuals). of which 84 families were 
characterized purely by pancreatic cancer. Affected individuals were tested for 
BRCA2 and S7K// mutations. Clinical details are stored on an anonymized 
database. Statistical analysis was carried out with StatView version 5. 

Results: For the pure pancreatic cancer families, median age of onset of cancer 
was 59 QR: 51-68), N = 88. There was no significant gender difference in the 
age of onset or transmission (6 male~male, 6 male-female, 11 female—male, 13 
female-female. In 4 of the 84 families, there was an individual with apparent 
nonpenetrance to age 7O years (assuming an autosomal dominant disease). 
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There was anticipation of age of onset with affected children developing cancer 
a median of 15 years earlier than thear parents (IQR 45-21) 

Condusion: Our results are consistent with an autosomal dominant mode of 
inheritance with some evidence of anticrpahon 
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Potentially problematic common bile doct calenli in patients selected 
for laparoscopic cholecystectomy 


C Collins, D Maguire, A Ireland, E Fitzgerald and GC O'Sullivan 
Department of Surgery and Radiology, Mercy Hospital, Cork, Ireland 
Alm: To evaluate the early natural history and true incidence of problematic 
common bile doct calculi ın petients undergoing laparoscopic cholecystectomy 
(LC) 

Methods: We evaluated the true meidence of potentially problematic common 
bile duct calcul in patients undergoing LC by routine operative cholangio- 
graphy, and where positive by repeated tube cholangiography at 48h and 
6 weeks postsurgery Where positrve at 6weeks patents underwent stone 
extraction by ERCP 

Results: Operatrve cholangiography was accomplished m 986 (95 per cent) of 
1041 consecutive patients Fifty-one (5.1 per cent) had at least one radiographic 
filling defect in the common bile duct and the fine~bore cholangiogram catheter 
was left in situ (there was no correlation with lyver function tests or clinical 
evaluation) Srxteen of these (31 per cent) had a normal cholangiogram at 48h 
(false-positive operative cholangiograms) and a further 13 (25 per cent) had a 
normal cholangiogram at 6 weeks (spontancous passage of calculi). Only 22 
patents (22 per cent) required ERCP for persistent calcul: at 6 weeks post- 
laparoscopic cholecystectomy 

Condusions: Common bile duct calcul: passed spontancously m more than 
one-third of the affected patients within 6 weeks of LC, leaving a potentially 
problematic stone rate of <25 per cent. These data support a policy of 
expectant management of choledocholithiasis and that routine operative cho- 
langiography 1s unnecessary. 
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New technique for liver resection using beat coagulative ablation 
D.RC Spalding, G Navarra, D Zacharoulis, S. Kirby and N A. Habib 


Division of Surgery, Anaesthetics and Intensive Care Unit, Impenal 
College School of Medicine, Hammersmith Hospital, London, UK 


Alms: Intraoperative blood loss during liver resection remains a major concern 
because of its association with higher postoperative complications and shorter 
long-term survival The aim of this study 18 to assess the feasibility and safety of 
a novel concept for liver resection using a radiofrequency (RF) energy-assisted 
technique for anatomical- and nonanatomical-onentated segmental liver resec- 
tion of hepatic tumours. 

Methods: From January 2001 to December 2001, 24 patients with various 
hepatic tumours were operated on using RF energy-asaisted liver resection RF 
energy was applied along the resection edge to create ‘zones of desiccation’ 
prior to resection with a scalpel 

Results: Median resection tume was 45 min (range: 30-110). The median blood 
loss during resection was 30 mL (range 15-992) and mean preoperative and 
postoperative haemoglobin values were 137gdL7' (SD+168) and 
1179gdL~' (SD + 1 43), respectively No blood transfusions were required, 
nor was any mortality observed. There were two postoperative complications, 
one subphrenic abscess and one chest mfection Median postoperative stay for 
patients without complications was 8 days (range 5-25). No liver recurrence 
was detected in patients undergoing resection with this technique dunng follow- 
up (median 7, range 1-12 months) 

Conclusions: Anatomical and nonanatomical segmental Iver resection 
assisted by RF energy is feamble, casy and safe This novel technique offers 
a new method for ‘transfusion-free’ resection without the need for sutures, tes, 
staples or tissue gus. 
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Randomtred prospecttve trial of bilayer prodene hernia system (PHS) 
versus lichtenstein mesh for inguinal hernia repair under local 
anaesthesia 


DA Hams, J Gilmour, E Ball and A Woodward 


Department of General Surgery, Royal Glamorgan Hospital, Ynysmaerdy, 
Llantrisant, South Wales, UK 

Alms: To compere the short-term results of the bilayer prolene hernia system 
mesh (Ethicon, Inc) with the onlay lichtenstein mesh. 

Methods: Sixty-four panents were randomized to undergo eather a PHS or a 
lichtenstein inguinal herma repair under local anaesthetic as a day case 
procedure Outcome measures were duration of surgery, volume of local 
anaesthetic used, time to discharge, pein scores on day one, and overall, 
analgesic requirements, complications, time to return to work, doving and full 
actrvity, and satisfaction scores. 

Results: No patent required sedation ar convermon to general anaesthesia 
Mean duration of surgery ın the PHS group was 36 mun (SD = 11) versus 34 min 
lichtenstein (SD = 8, P =0 3) Mean volume of local anaesthetic was 64 mL 
(SD = 18) for PHS and 62 mL (SD = 17) for lichtenstean (P =0 8) There was 
no significant difference m analgesic requirements (25 tablets versus | 1 tablets 
total, P=0 65). Twelve per cent of patients did not require analgesia. Overall 
mean pain score was 35/10 versus 25/10 (visual analogue scale, P=0.1) 
Mean time to return to work was 42 days versus 30 days (P = 0 3), returning to 
driving was 20 days versus 14days (P=0 2) and full activity 21 days versus 
22 days (P =0 8). Patient satisfaction was very high with both techniques 
Conclusions: This tnal confirms that the PHS mesh techmique is a safe 
procedure that takes no longer to perform than the standard lichtenstein 
approach The preperitoneal dissection in perticular is well tolerated under 
local anaesthesia Long-term follow-up of these patents will be performed to 
esiablish the recurrence rate. 
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The effect of port composition on tumour cell adherence: an in riro model 


S Brundell, C. Tsopelas, B Chatterton, J. Touloumtzoglou, C. Blefan and PJ 
Hewett 


Dimon of Surgery, The Queen Elezabeth Hospital, Woodville South, 

South Australia 

Alms: /n vitro models demonstrate that increased number of tumour cells are 
deposited both on metal ports when compared with plastic ports and on the port 
sites through which these have passed Therefore, the m vivo deposition of such 
cells to ports and port stes was investigated. 

Methods: LIM 1215 tumour cells were injected under direct vimon into the 
pelvises of 16 female pigs of 30 kg (range (15-70) x 10° cells). A total of sıx 
metal and sx plastic ports were inserted through each antenor abdomunal wall 
and were either left m mtu for 30 min (nondisplaced) or were twice removed and 
replaced through the original wound (displaced). 

Results: Increasing the tumour cell moculum resulted in increased deposition 
of tumour cells on both parts (P= 0.002) and on port sites (P= 0017) 
Significantly more tumour cells adhered on metal ports when compared with 
plastic ports (P = 0 04), although this failed to reach significance for the metal 
port sites (P = 0.066). Although displacement of ports did not increase the 
number of tumour cells adberent to ports (P =0 45), this did result in more 
tumour cells being deposited on the port ates (P = 0.01) 

Condusions: These data suggest that minimizing the number of tumour cells 
within the abdominal cavity, employing plastic ports and securing ports to 
prevent inadvertent displacement would be expected to reduce the number of 
tumour cells deposited in port sites duning operative laparoscopy. This may be 
beneficial in reducing the incidence ın port site metastases after laparoscopic 
surgery for gastromtestinal malignancies. 
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Oral administration of carbohydrate-containing fluids prior to major 
elective surgery preserves lean tissue postoperatively 


KA. Yul. R. Parks. R.A. Richardson. H.1.M. Davidson and O.J. Garden 


Department of Clinica! and Surgical Sciences, Royal Infirmary and 

Faculty of Health Sciences, Queen Margaret University College, 

Edinburgh EH12 8TS, UK 

Aims: To assess the tolerance of preoperative carbohydrate fluid administration 
and the postoperative metabolic and clinical response. 

Methods: A double-blind randomized study recruited major surgical patients 
to receive either placebo drink or carbohydrate (12.6g per 100 mL) drink 
(CHOD). Patients consumed 800mL the evening before and 400mL 2-3h 
before anaesthesia. Nutritional status was measured preoperatively, postopera- 
tively and at discharge. Body mass index (BMI), arm anthropometry, blood 
glucose and insulin concentrations were measured pre- and postoperatively. 
Length of stay (LOS) and complications were recorded. 

Results: Thirty-four controls and 31 CHODs completed the study. Groups were 
comparable in gender, age (control: 52.1 + 2.4 years versus CHOD: §2.8 + 
2.5 years), body mass (control: 25.1 + 1.7; CHO: 25.2 + 1.2) and procedure. Loss 
of muscle mass (arm muscle circumference) was significantly greater in the control 
group (control: 3.9 + 0.6 per cent versus CHOD: 1.9 + 0.6 per cent; P < 0.05). 
Baseline insulin (control: 20.7 +4.9mU L”'; CHOD: 24.64 6.2mUL” O and 
glucose (control: 6.0 + 1.4,CHOD: 5.7 + 1.4 mmol L~') were comparable and did 
not differ postoperatively. No complications were recorded as a result of fluid 
consumption. Clinical complications were recorded in six patients from each 
group. LOS in controls was 10 days (QR = 6) and 8 days in CHOD (IQR = 4). 

Conclusions: A CHO energy source attenuates depletion of muscle mass after 
surgery, but mechanisms involved remain unclear. These results give credence 
to the proposal for evaluating current practice of fasting prior to surgery and 
confirm aspiration risk to be minimal. 
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Comparison of bench test evaluations of surgical skill with live 
operating performance assessments 


VK. Datta. 8. Bann, J. Beard. M. Mandalia and A. Darzi 


Department of Surgical Technology and Oncology, Faculty of Medicine, 
impertai College of Sctence, Technology and Medicine, 10th Floor QEOM 
Wing, St Mary's Hospital, London W2 INY, UK 


Aim: Attempts at assessing surgical proficiency have generally used laboratory 
simulation to evaluate skill. The aim of this study was to observe how closely 
technical ability as measured on bench simulation compared to actual operative 
performance, 

Methods: Twenty-two general surgeons and trainees were recruited: consultant 


performing a saphenofemoral dissection on an anaesthetized patient in the 
operating theatre, as well as on an inanimate model of this same procedure 
within the laboratory. The objective structured assessment of technical skill 
(OSATS) method, consisung of a seven-parameter global rating (maximum 
score: 35), and 17 point step-by-step checklist (maximum score: 17) was used to 
measure performance in both environments. Face, content and construct validity 
of the synthetic model had already previously been established. 

Results: There was a significant relationship between technical skill as 
measured on the bench test model with performance within the operating 
theatre with respect to both global rating (Pearson correlation coefficient: 0.824: 
P<O0.001, x coefficient: 0.89) and checklist rating (r=0.514;, P< 0.02; 
a coefficient: 0.68) assessments. Global rating scores correlated with experi- 
ence for both operative (r = 0.822: P < 0.001) and bench (r = 0.748: P < 0.001) 
settings. There was no difference in the level of measured performance between 
operating theatre and bench model (global rating mean 23.25 + 6.66 versus 
23.73 + 3.62, respectively, paired t-test P = 0.559). 

Conclusions: Assessment of technical skill using inanimate procedural simu- 
lation translates to actual surgical performance within the operating theatre. 
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This further validates the use of bench test evaluations to measure surgical 
technical ability. 
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A randomized controlled trial of acute normovolaemic haemodilution 
(ANH) in gastrointestinal surgery 


G. Sanders, N.J. Mellor, K. Rickards. A.J. Brodribb, A.R.A. Rushton, 
I. Christie, J. Nicholl, J.A. Copplestone and K.B. Hosie 


Department of Colorectal Surgery, Anaesthetics and Haematology, 
Derriford Hospital, Plymouth and Department of Health Services 
Research, Sheffield, UK 


Aims: To assess the effects of ANH on allogeneic transfusion, postoperative 
complications and length of stay. 

Methods: Patients scheduled for major gastrointestinal surgery were randomized 
to 3-unit ANH, or no ANH. Both groups underwent identical management 
including adherence to a transfusion protocol. Outcome measures included the 
number of patients receiving allogeneic blood, complications and length of stay. 
Results: A total of 316 consecutive patients were screened, of which 160 
(S1 per cent) were eligible; median age: 62 years (range 23-90), ‘ANH’: 


groups in the number of patients receiving allogeneic blood 23/78 (29 
per cent) versus 25/82 (30 per cent), the total number of allogeneic units 
transfused (92 versus 93), complication rate or length of stay. Haemodilu- 
tion significantly increased anaesthetic time; median: 55 min (range 15-90) 
versus 40min (range 17-80) (P<0.001). Significantly less patients in 
the ANH group experienced oliguria in the immediate postoperative period 
37/78 (47 per cent) versus 55/82 (67 per cent) (P=0.012). The most 
significant factors effecting transfusion are blood loss (e.g. >1000 mi 
OR 13.37 (3.22-55.54 versus <500 mL)), starting haemoglobin (OR 0.43 
(0.28-0.65)), and age (OR 1.03 (1-1.07)). When compared with ASA- 
matched historical controls, the introduction of a transfusion protocol 
reduced the transfusion rate from 123/317 (39 per cent) to 48/160 (30 


Conclusions: In this large definitive study, ANH did not affect allogeneic 
transfusion rate in major gastrointestinal surgery. Preoperative haemoglobin, 
blood loss and transfusion protocol are the key factors influencing allogeneic 
transfusion. 
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The impact of laparoscopic appendicectomy on training 

H. Ali, H. Taha and J.F. Thompson 

Department of Surgery, Royal Devon and Exeter Hospital, Devon, UK 


Aims: Open appendicectomies were the mainstay training operations for junior 
surgeons, The impact of change to a laparoscopic approach on trainees and 
trainers has not been assessed. We aimed to assess the impact of laparoscopic 
appendicectomy as compared to open appendicectomy on various trainee 
grades and the consultant commitment required to bring about this change. 
The resultant complication rates were assessed. 

Aim: We aim to assess the impact of laparoscopic appendicectomy as compared 
to open appendicectomy on various trainee grades and the consultant commit- 
ment required to bring about this change. The resultant complication rates were 
assessed, 

Methods: A total of 176 laparoscopic appendicectomies were compared to 
132 open appendicectomies. The level of the surgeon performing the operation, 
the amount of consultant input and complications were recorded. Senior house 
officers (SHOs), registrars inexperienced (RI) in laparoscopic surgery (per- 
formed laparoscopic surgery for less than | year) and registrars experienced 
(RE) in laparoscopic surgery were studied. 

Results: Sixty-seven (51 per cent) of all open appendicectomies were 
performed assisted by SHOs as compared to 60 (46 per cent) performed 
by registrars; seven (S per cent) were performed by a consultant and 12 (9 
per cent) were in a supervisory role. Only nine (5 per cent) laparoscopic 
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appendicectomies were performed assisted by SHOs as compared to 158 (90 
per cent) of cases performed by registrars; nine (5 per cent) were performed by 
consultants and 12 (7 per cent) were in a supervisory role. The open approach 
had 13 (10 per cent) complications, of which eight were wound infections, four 
were pelvic abscesses and one was a chest infection. There were 16 (9 per cent) 
complications with laparoscopic appendicectomies, of which eight were 
wound infections, three were pelvic abscesses and five were urinary or chest 
infections. 

Conclusions: Laparoscopic appendicectomy has a major impact on junior 
surgical trainees, but not on senior staff. 
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Surgical workload at community and private hospitals 
R.G. Faber 


Surgical Department, Royal Berkshire and Battle Hospitals NHS Trust, 
London Road, Reading RGI 5AN, UK 


Aims: To determine the contribution of community and private hospitals to the 
elective workload of a district general hospital (DGH) surgeon. 
Methods: All elective operations performed at the DGH, community and 
private hospitals were recorded for 3 years (1999-2001). Royal College of 
Surgeons of England Intermediate Equivalents were also calculated. The DGH 
was working at capacity. Cancellations due to lack of beds and operating times 
were common, 

Results: 

1 A mean of 190 operations (21 per cent) were performed at the DGH, 526 (57 per 
cent) at the community hospitals and 199 (22 per cent} at the private hospitals. 

2 Out of the total of 526, 716 NHS operations (73 per cent) were performed at 
the community hospital. 

3 A mean of 302 intermediate equivalents (29 per cent) were performed at the 
DGH, 490 (47 per cent) at the community hospitals and 239 (23 per cent) at 
the private hospitals. 

Conclusions: 

I Atthe DGH, only 21 per cent of all elective operations were performed, albeit 
more major cases. 

2 Without the community hospital, nearly three-quarters of the NHS patients 
would not have had their operations. 

3 Without the private hospitals, an extra 200 patients year `’ would require 
NHS treatment. 
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Incidence of neuropathic pain in patients presenting with chronic pain 
after groin hernia repair 


S. Kumar and L.A. Colvin 


Department of General Surgery and Department of Anaesthesia, Critical 
Care and Pain Medicine Western General Hospitai, Edinburgh EH4 2XU, 
UK 


Aim: To determine the incidence of neuropathic pain in patients presenting with 
chronic pain after groin hernia repair. 

Methods: Patients had undergone a laparoscopic or opea-mesh repair of groin 
hernia over a 2-year period. Those who complained of chronic pain and 
limitation of physical activity were invited to attend an outpatient clinic. 
Assessment was jointly carried out by a general surgeon (SK) and a pain 
medicine specialist (LC), Diagnosis of neuropathic pain was based on a history 
of episodes of burning, shooting pains in the groin and signs of altered 
sensation. Specifically, evidence of dynamic allodynia to cotton wool or 
mechanical hyperalgesia to pin prick was sought. 

Results: A total of 112 patients complained of persistent pain (median 
duration: 33.5 months; range: 21-44) and limitation of physical activity were 
evaluated. Sixty-eight (60.7 per cent) patients, 62 males and six females 
(median age: 61.4 years; range: 26-86) were evaluated. Of those not seen, 
pain had resolved in 24/112 (21.4 per cent) patients and 20/112 (17.8 per cent) 
patients did not reply. A total of 23/68 (34.3 per cent) patients were diagnosed to 
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have neuropathic pain, and 4/68 (5.9 per cent) had developed a recurrent or a 
contralateral heraia. 

Conclusion: Clinical assessment found 23 patients with neuropathic pain. If it 
is assumed that the patients not attending did not have neuropathic pain, then the 
overall incidence of neuropathic pain in patients with persistent pain after groin 
hernia repair was 20.5 per cent (23/112). 
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The effect of a second-generation three-dimensional visualization 
system on laparascopic dexterity 


5.G.T, Smith, T.} Brown, J. Torkington and A. Darzi 


The Academic Surgical Unit, Imperial College School of Medicine, 
St Mary's Hospital, London W2 INY, UK 


Aims: Binocular visual perception is impaired in conventional laparoscopic 
surgery, since the surgeon views a two-dimensional (2D) image on a flat screen, 
and although logic suggests that effective restoration of 3D vision might 
increase operative dexterity, this has never been proven in the surgical setting 
itself. This trial utilizes a second-generation three-dimensional (3D) system 
(Autovision 150, Surgical Vision Ltd, Reading, UK) on a laboratory-based 
simulation of a laparoscopic cholecystectomy using fresh cadaveric pig livers 
employing motion analysis as a measure of dexterity. 

Methods: Each cf the seven surgeons performed 10 cases on this model, each 
operation being randomized to 2D or 3D, so that subjects utilized each system in 
five cases in random order. Dexterity throughout individual subsections of each 
procedure was assessed using motion trackers (Polhemus IsotrackID on the 
surgeons’ hands. Motion scores were compared for individual surgeons per- 
forming in 2D aad 3D, using within-subjects analysis for each surgeon, 
controlling for repetition. 

Results: Results are shown in Tables | and 2. 


Table 1. Mean (ŁEM values 





2D/2D Time {s} Distance (cm) Speed (cms!) Movements (number) 


153.6 (13.9) 








Calot’s dissection 2D 2.4 (0.2) 

3D ILS i99y 3002 BLS LOD 101.6 (8.27 
Placing three clips 2D 20.0 (4.67 32.2 (2.5) 1.6 (0.4) 12.8 (0.6)" 

3D 15.5 (0.6) 28.3 (3.47 LI.) 8.8 (0.6) 
Cutting duct/ariery 2D 11.3 07y 15.4 (1.3) 1.4 (00) 71 Oh) 

3p 9.2 @.8yY 13.6 (133 14 (0.1) 5.8 (0.5) 
GB dissection 2D 556.9 (33.5) 1642.6 (1560F 2.9 (0.2) 434.1 (44.9) 

3D 459.4 258 1352.8 (12067 2.8 0.2) 351.7 (27.03 
“Significant differences: 2D versus 3D (Wilcoxon), 
Table 2. Levels of significance 

Distance Speed Movements 
Time (s) (om) (ems!) (number) 

Calot’s dissection 0.000 0,001 N/S 0.000 
Placing three clips 0.000 0.001 N/S 0.000 
Cutting duct/artery 0.03 N/S N/S N/S 
GB dissection 0.001 0.006 N/S 0.001 





Conclusions: This study of 70 laparoscopic cholecystectomies on a validated 
simulation on a pig model has shown that when assessing dexterity 
objectively, major advantages in terms of laparoscopic dexterity can be seen 
when operating with a new second-generation 3D visualization system com- 
pared with standard 2D. If such systems are acceptable in terms of cost and user 
comfort, these increases in dexterity might transfer into improvements in 
operative ability. 
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Management and outcome of liver trauma 

K. Burns, M. Cleary, J. Geoghegan and ©. Traynor 

St Vincent's University Hospital, Elm Park, Dublin, Ireland 


Aims: Nonoperative management has been applied increasingly in the treatment 
of liver trauma. This study reviews experience with liver trauma at a specialist unit. 
Methods: From January 1990 to December 2001, 35 patients (27 male) were 
admitted to a specialist centre with traumatic hepatic injuries. Mean age was 
31 years. Thirty-two patients sustained blunt abdominal trauma and three 
patients sustained penetrating trauma. 

Results: Twenty-three patients were managed conservatively. Twelve 
patients were managed operatively and three of those had liver resection. 
Eight patients underwent laparotomy at source hospital. Five of those eight 
underwent a further laparotomy in our unit, three for removal of packs, two for 
unexplained sepsis. Four patients admitted directly had laparotomy. Twenty- 
two patients made a satisfactory recovery. Four patients died: one died on the 
day of the trauma; two died at 15 days and the fourth died at 21 days. One 
patient had percutaneous drainage of a haematoma compressing his biliary 
tree. One patient developed an ischaemic stricture of his common bile duct, 
necessitating hepaticojejunostomy. One patient was transferred for neurosur- 
gical care, 

Conclusions: The majority of patients can be managed conservatively nowa- 
days and avoid liver resection, which was traditionally the preferred manage- 
ment of these injuries. Surgical management is reserved in the early period for 
patients who remain haemodynamically unstable, and in the late period for 
suspected hepatic devascularization as a cause of sepsis. 


Poster 57 
Validation of a simple, automated test for catheter-related sepsis (CRS) 


J. Catton, B. Dobbins, J. Wood, P. Kite, K. Eastwood, S. Sugden, M. Wilcox 
and M. McMahon 


Academic Unit of Surgery, The General Infirmary, Leeds, UK 


Aims: Endoluminal brushing is an in situ technique, which has been shown to 
be highly accurate in the diagnosis of CRS, but it is expensive and can be 
technically demanding. The differential time to positivity (DTP) of central to 
peripheral blood has been suggested as a simple, automated and equally 
accurate method of diagnosing CRS. This study directly compares this tech- 
nique with the gold standard of endoluminal brushing. 

Methods: Central venous catheters (CVCs) were assessed on suspicion of 
causing CRS. Central blood cultures were drawn from each CVC, with a 
simultaneous set of peripheral cultures and analysed by automated qualitative 
method (Vital), Each CVC then underwent endoluminal lumen brushing. A 
positive endoluminal brush result was considered to be the growth of 
>100cfumL~', and a DTP of >2h between time to positivity of central to 
peripheral cultures was considered a positive result. 

Results: There were 115 cases of suspected CRS (median dwell time: 9 days 
(IQR: 6-14) for uncuffed CVCs; 105 days (IQR: 59-233) for Hickman lines). 
Thirty-five cases of CRS were identified on endoluminal brushing. The DTP 
method confirmed 23 of these cases. There were three false-positive results. The 
sensitivity of the DTP technique was therefore 65 per cent with a specificity of 
96 per cent. 

Conclusions: DTP offers a simple, automated test for CRS, which is highly 
specific and does not require CVC removal, 
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The prevention of peripheral vein thrombophlebitis (PVT) in surgical 
patients receiving peripheral intravenous nutrition via a fine-bore 
catheter 


J.A. Catton, B.M. Dobbins, J. Wood. K. Dolan. D. Burke and M. McMahon 
Intravenous Nutritional Support Team. The General Infirmary, Leeds, UK 
Aims: Fine-bore catheters are all known to decrease the incidence of PVT when 


used for full peripheral intravenous nutrition, and catheter survival can be 
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extended further with the addition of both heparin and hydrocortisone to the 
feed. The effect on fine-bore catheter survival of either heparin or hydrocorti- 
sone alone has not previously been assessed, and this study addresses the need 
for the addition of both drugs. 

Methods: Randomized double-blind trial in surgical patients fed full periph- 
eral intravenous nutrition (1200 mosmkg~'). Each had a fine-bore 22Ch 
catheter inserted via antecubital fossa vein. The upper limb was examined 
daily, and the catheter was removed on development of PVT or on completion of 
feeding. Patients were then randomized into three groups. 

è Group | with heparin 1500 U and hydrocortisone 15 mg. 

e Group 2 with heparin 1500 U alone. 

e Group 3 with hydrocortisone 15mg alone. 

Total catheter survival was represented as Kaplan-Meier survival curves with 
statistical difference assessed using log-rank statistics. 

Results: A total of 123 patients were recruited (M:F = 63:60; median age: 
67 years (QR: 53-77»). Total catheter survival displayed in the table below. 





Median survival in days 


(confidence intervals) Difference between groups 


9 (6-11) P =0.59 
7 (4.7-9) P = 0.0015" 
5 (3.7-6) P = 0.03" 


Group 2 
Group 3 





“Statistical significance. 


Conclusions: The addition of heparin has a significant role in fine-bore 
catheter survival when added to feeds providing full intravenous nutrition. 
Combining it with hydrocortisone appears to offer little or no significant benefit. 
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Excellence in surgery: are changes in training compatible with this 
goal? 

C.A. Harris, D.G. Ross and D.J. Jones 

Department of Surgery, Wythenshawe Hospital, Manchester 


Aims: To compare the surgical exposure of two senior trainees, with the same 
subspecialty interest, at the same hospital in 1993 and in 2000. 

Methods: An audit of prospectively collected logbook data from 9 months in 
1993 and 9 months in 2000. 

Results: The trainee in 2000 did more large bowel resections (subspecialty 
interest) and ‘other’ laparotomies (small bowel resection, division of adhe- 
sions) than the trainee in 1993; however, the 1993 trainee did more procedures 
outside of their subspecialty interest when compared to the 2000 trainee (see 
Table). 





Large bowel Other Upper GI Cholecystectomy 


resection laparotoryy = resection General" (open) Herna 
1993 36 22 13 74 27 (9) 56 
2000 45 29 4 2 16 i2) 34 





“Thyroid surgery, varicose vein surgery, breast surgery. 


The trainee in 1993 had six theatre sessions and two outpatient sessions a 
week. the 2000 trainee had 3.5 theatre sessions and two outpatient sessions a 
week. 

Conclusions: The opportunity for performing surgical procedures has 
decreased; however, the senior surgical trainee of today has a good exposure 
to cases of their subspecialty interest in their final years, but is relatively poorly 
exposed to procedures outside of their subspecialty interest. This may have 
implications to the future provision of services and covering of the general 
surgical on-call. 
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Short-term outcome of inguinal hernia repatr: comparison between 
standard tension-free lichtenstein repair versas prolene hernia system 
(PHS) repair 


W. Zawislak, R. Makar, R. Gilliland and PG Bateson 


Department of Surgery, Altnagelvin Area Hospttal, Londonderry, Northern 
Ireland 


Alms: To compare in a randomized prospective study tension-free Lichtenstein 
mesh repair with prolene bernia system (PHS) repar. 

Methods: One hundred patients were randomized to Lichtenstein repeur 
and PHS repair. Patients with recurrent or mredncible herma were excluded 
from the study. All procedures were performed by one surgeon, as a day case, 
under local anaesthesia Following surgery, patients were asked to score therr 
pain on visual analogue pain scales and document the amount of pam killers 
taken in the postoperative period. All complications were recorded by the 
patents. Follow-up took place at | week, 1 month and 3 months after the 
operation 

Results: Forty-five Lichtenstein repair and 55 PHS repairs were performed. 
‘The groups were comparable in terms of age and comortndity Haematoma and 
wound mfection rates were simular m both groups There was no difference m 
postoperative pam scores or analgesia consumption in the postoperative penod. 
Median time of surgery was significantly shorter in PHS group (46 min versus 
53 mm, P = 0.005). Retumo-normal activities m the PHS group was quicker 
(6 days versus 8.9 dayr, P < 0.00005). Retum to work was earlier m the PHS 
group (14 days versus 23 days; P < 0.00005). 

Condusions: PHS mesh repar, which is simple to perform under local 
anacethesia on a day case basis, takes less time to perfoom and results m 
quicker retorn-to-normal activities and work. 


Vascular 
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Andit of general practitioners’ referral policy and risk factor 
management in petients with intermittent clandication 

K Cassar, R. Coull, P. Bachoo, E. Macanlay and J. Bnttenden 

Vascular Surgical Unit, Aberdeen Univernty, Aberdeen Royal Infirmary 
Alms: Intermittent claudication (IC) is common and patients have a risk of 
developing or dying from coronary heart disease equivalent to that of patients 
surviving therr first myocardial infarction The atm was to determme general 
practitioners’ (GPs) attitudes to referral, rsk factor management and treatment 
in patients presenting with life-style limiting IC. 

Methods: Postal survey questionnaire of 334 GPs regardmg smoking, exer- 
cise, antiplatelet therapy, diabetes and cholesierol A mmilar survey was 
performed in 104 new clinic patients with IC. 

Results: A total of 242 (73 per cent) GPs responded At inital 
patent presentation, 50 per cent would manage risk factors and reassess 
and 45 per cent would treat msk factors and refer directly to the clmic. 
Ninety per cent would prescribe aspirm, 99 per cent advise smoking cessation 
and 89 per cent advise mcrease in exercise Blood glucose would be checked by 
T7 per cent and cholesterol by 85 per cent. The cholesterol levels (mmol L~') 
that GPs would treat are: <5, 5 per cent; >5, 36 per cent, >5.5, 18 per cent; >6, 
23 per cent and 18 per cent would consider the patients’ overall nsk factor 
profile Inttal management was diet alone in 70 per cent, statin in 30 per cent 
and 18 per cent had an age limit. In chnic patients, 62 per cent were prescribed 
aspirin, 81 per cent had an elevated cholesterol and less than half were on 
treatment. 

Concusion: Cholesterol-lowering therapy is required in 80 per cent of 
claudwcants, yet it 1s considered to be pomary prevention by 18 per cent of 
GPs and the mayonty would only treat levels above 5.5 mmol L~}. Recent data 
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suggests that clandicants should be treated with a statin irrespective of their 
cholesterol level, and thos national guidelines to ensure adequate secondary 
prevention of claucicants are urgently required. 
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An andit of varicose vein surgery 
S. Nawaz, P Whitney, N. Bhala, W. Lambert and K. Kumar 


Department of Surgery, Chesterfield Royal Hospital, Chesterfield, UK 
Alms: A large number of patients are operated upon for vancose vens, yet they 
are rarely routinely followed up. We therefore wanted to find out whether best 
practice was being followed and the patients were benefiting from their surgery. 
Methods: The notes of 247 patients treated m 1998/1999 were audited, in 
addition a locally developed questionnaire incorporating the EQSD quality-of- 
life questionnaire was administered to all patients. 

Results: Only 40 per cent of the patients with primary vancose veins had hand- 
held Doppler exammation, only 65 and 80 per cent of patents with short 
saphenous reflux and recurrent varicose veins, respectively, had duplex assess- 
ment In 50 per cent of cases, the long saphenous vein was not stripped; 56 per 
cent of patients with recurrent varicose vems were operated on by nonvascular 
consultants or trainees. In only 50 and 30 per cent were the SHOs and SpRs, 
respectively, supervised. The case note complication rate was only 10 per cent, 
but the patient-reported complication rate was 65 per cent. Seventy-two per cent 
of the patients were satisfied with their treatment and 65 per cent had an 
Improvement in QOL score. Surgery by a nonsupervised trainee and nonvas- 
cular consultants had a statistically significant effect on recurrence. 
Condustons: Compliance with standards of best practice fell short, however, 
the majority of petients were happy with their treatment. A local policy on the 
treatment of varicose veins is to be developed incorporating the above findings 
and will be reandited in the near future, 
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The relationship between socioeconomic status, symptomatic carotid 
territory disease and carotid endarterectomy 
R McKenzies, F Nimmo, P. Bachoo, E. Macaulay and J. Brittenden 


Vascular Surgery Unit, University of Aberdeen and Department of Public 
Health, Grampian Health Board, Aberdeen 


Alms: Recent evidence suggests a strong association between socioeconomic 
status and atherosclerosis, but little mformation exists on the relationship 
between socioeconomic status, symptomatic carotid disease (SCD) and rates 
of caroud endarterectomy (CEA). The am of this study was to evaluate the 
Carstur Deprivation Score (CDS) of patients admitted with SCD and those 
undergoing CEA in one health board. 

Methods: The CDS score was determined for all patents admitted with SCD 
(ISD 9 codes 433.1, 433.09, 435, 437.1; ICD-10 165.2, 163, 163.2, G45.1, 
G45.3, G45.9) and those undergoing CEA between 1 Aperl 1995 and 31 March 
2000. Expected and actual rates for each of the CDS (1-7) were determined by 
direct and indirect methods of standardization assuming equal distribution 
allowing for age and sex Results were analysed using the Mantel-Haenszel 
test Only first-trme admissions and CEA were included. 

Results: A total of 1203 patients were admitted with SCD. The admission rates 
of symptomatic pahents were lees than expected in the more affluent group 
(Carstur 1, P<0.005) and dgnificantty higher in the most deprived group 
(Carstar 7, P< 0.001). There were no differences between the expected and 
actual rates of CEA and CDS ın 192 patients. CEA rates tended to be higher m 
the most affinent group, who had the lowest prevalence of discase. 
Conduslon: Deprived socioeconomic groups have a higher rate of sympto- 
matic carotid disease, but this is not matched by an increased rate of CEA. 
Socioeconomic inequalities in the prevalence of symptomatic carotid artery 
disease and treatment in the form of primary and secondary prevention 
exist 
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Cytokine gene polymorphisms affect the incidence of organ failure 

after elective abdominal aortic aneurysm repair 

M.J. Bown, T. Horsburgh, M.L. Nicholson, P.R.F. Bell and R.D. Sayers 
Department of Surgery, University of Leicester, Leicester, UK 

Aims: Cytokines are important mediators of postoperative organ dysfunction 
and the sepsis syndrome, both of which frequently complicate abdominal aortic 
aneurysm (AAA) repair, in addition, polymorphic sites in cytokine genes affect 
cytokine transcription and may therefore affect outcome in sepsis. The aim of 
this study was to determine whether cytokine genotype affects outcome after 
elective AAA repair. 

Methods: A prospective study of 84 patients having elective AAA repair was 
carried out. For each patient, their genotype at the following loci was deter- 
mined by induced heteroduplex genotyping: IL-1 +3953, IL-6 — 174; IL-10 
-1082 and ~592: and TNF-% --308. The incidence of organ failure, length of 
critical care stay and length of hospital stay were used as outcome measures, 
Results: Total 48.44 per cent of patients with an IL-6 —174 ‘G° allele (64 
patients, 76 per cent) developed organ failure compared to 17.64 per cent of 


incidence of organ failure between those patients with high transcription alleles 
of the IL-IB. IL-10 and TNF-a genes. None of the genes studied had any 
significant effect on the length of time spent in critical care or total hospital stay. 
Conclusion: The incidence of organ failure after AAA repair may be influ- 
enced by genetic differences between patients, but these differences do not 
influence overall outcome. 


Poster 65 


Minimally invasive incision for abdominal aortic aneurysm repair. 
Does it have any advantages? 


M. Mottahedeh and A. Da Silva 
Department of Surgery, Wrexham Maelor Hospital, Wrexham, UK 


Aim: To evaluate the feasibility of a minimally invasive incision for the 
treatment of patients with abdominal aortic aneurysms (AAA). 

Methods: Comparative study of 18 patients (nine minimally invasive: Min; 
nine conventional: Co) undergoing elective AAA repair. Patients in the Min 
group had a 10-12cm midline incision, whereas those in the Co group had a 
long midline incision. Both groups were comparable in terms of preoperative 
morbidity, age and gender. Outcome measures analysed were the C-reactive 
protein on the first postoperative day, length of operation, blood loss, duration of 
postoperative epidural, return of GI function and length of hospital stay. 
Results: There was one bifurcated graft in the Min group compared to two in 
the Co group. For the Min group, the mean size of aneurysm was 6.2cm 
compared to 6.4m for the Co group, P = 0.7. Mean length of incision was 


versus 90.6 (Co); P=001. The length of operation was 127 min (Min) 
compared to 150min (Co), P= 0.05. The mean blood loss was 1261 mL 
(Min) against 1954 mL (Co); P=0.1. The mean duration of postoperative 
epidural was 2.3days (MIn) versus 3.7 days (Co); P = 0.02. The mean Gi 
function was 2.3 days (MIn) compared to 4.3 days (Co); P = 0.1. Hospital stay 
was 9.7 days (MIn) versus 14.7 days (Co), P = 0.2. 

Conclusion: Elective repair of AAA through a small incision is feasible and 
seems to have a beneficial effect compared to the traditional repair. 
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Risk stratification for abdominal aortic aneurysm screening using a 
novel type IH collagen marker 


J.G. Hardman, M.B. Hadfield, D. Eyre and N. Hulton 


Department of Surgery, Royal Oldham Hospital, Manchester, UK and 
Department of Orthopedics, University of Washington, Seattle, USA 
Aims: The potential benefit of abdominal aortic aneurysm screening is 


well documented: however, the significant expense and burden on regional 
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radiological services of ultrasonographic screening of asymtomatic patients has 
been prohibitive to its development. Degeneration of the collagen matrix in the 
elastic media of major vessels has been implicated in the pathogenesis of aneurysm 
formation for some time. This study examines whether a novel assay for a 
degradation product (cross-linked peptide) of type HI collagen could permit further 
risk stratification for the detection of the condition in the community, tipping the 
balance in favour of a substantial screening programme. 

Methods: A total of 32 patients were recruited to the study with a mean age of 
69 years. An enzyme-linked immunosorbant assay (ELISA) for a collagen HI 
telopeptide fragment was performed on venous blood samples taken from 12 
patients known to have an abdominal aortic aneurysm (greater than 4.0cm in 
diameter), 11 control patients without the condition and 9 patients with critical 
ischaemia of the lower limbs. 

Results: The values of the type IH collagen degradation product assay in the 
abdominal aortic aneurysm group were significantly higher (P = 0.05, 95 per cent 
Cl: 0.05-4.62} when compared to the control group. There was not a significant 
difference in the results between the critical ischaemia and control groups nor 
between the critical ischaemia and abdominal aortic aneurysm groups. 
Conclusion: This study demonstrates that this type HI collagen degradation 
marker may have a role in risk stratification for abdominal aortic aneurysm 


screening. 


Poster 67 

Patients with critical ischaemia of the lower limb are at risk of 
developing kidney dysfunction 

H.A. Morsey, M. Aslam, J. Meek and N. Standfield 


Division of Surgery, Anaesthetic and Intensive Care, Imperial College 
School of Medicine, Hammersmith Hospital, London, UK 

Aims: To establish a relationship between critical ischaemia in patients with 
peripherai arterial occlusive disease and renal tubular dysfunction. 
Methods: At rest, urine samples were collected from three groups: group A: 22 
patients with stable intermittent claudication, group B: 16 patients with critical 
ischaemia; group C: 12 normal individuals. All groups were age and sex 
matched. Urinary N-acetyl-B-b-glucosaminidase (NAG) enzyme was measured 
using a spectrophotometer. Microalbuminuria was also measured. Patients with 
diabetes or abnormal kidney function were excluded. Results were analysed 
using Mann-Whitney test and considered significant when P < 0.05. 
Results: There was a significant difference in the NAG enzyme activity 
between group B and group A (median: 1.62; IQR: 1.01-4.02 versus median: 
0.55; IQR: 0.40-0.95; P = 0.001). There was a sigmificant difference between 
group B and group C (median: 1.62; IQR: 1.01-4.02 versus median: 0.24; IQR: 
0.04-0.77; P = 0.01). There was no significant difference between group A and 
group C (median: 0.55; IQR: 0.40-0.95 versus median: 0.24; IQR: 0.04-0.77: 
P = 0.13). Microalbuminuria was not significantly different between the three 
groups ((median: 7.68; IQR: 1.43~-15.50 versus median: 2.64; JQR: 1.16-4.82; 
P =~ 0.27) (median: 7.68; IQR: 1.43~-15.50 versus median: 1.52; IQR: 0.83- 
2.20; P = 0.22) (median: 2.64; IQR: 1.16-4.82 versus median: 1.52; IQR: 0.83— 
2.20; P=0.11)). 

Conclusion: Elevated levels of NAG enzyme in patients with critical ischae- 
mia of the lower limb suggest that they are at greater risk of developing renal 
tubular dysfunction. This could be caused by the release of more free radicals 
into the systemic circulation. 
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Early results of an integrated outpatient deep venous thrombosis (DVT) 
management service 


C.P. Pratap, L. Harrison, S. Partington, S. Thackeray, J. Ingram and 
A.B. Woodyer 


Department of Surgery, Tameside General Hospital, Ashton under Lyne, 
Lancashire, UK 

Aims: To establish an integrated outpatient DVT management service based in 
the vascular studies unit in district general hospital and to demonstrate the 
saving in bed days achieved by such a service. 
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~ Methods: Vascular studies unit has been responsible for the diagnosis of DVT 
in the last few years Retrospective analysis of workload showed a potential bed 
saving of 927 bed days m 1 year if patients could be managed without sdmusnon 
to hosptal On the basis of this data, a business case was prepared and accepted 
by the trust A new duplex scanner was purchased and one whole time 
equivalent staff nurse was appointed to run the service. Patients with suspected 
DVT are referred to the unt by A&E, general practitioners and outpabent 
clinics, and the duplex scans were performed in the same session. Patients 
presenting outmde office bours are treated with subcutaneous injection of 
tinzaparin and scanned m the next available session. Patients with DVT are 
managed according to a strict protocol. 

Results: A total of 211 pabents with suspected DVT were scanned in the first 
3 months. Thirty-four per cent of the patents were already inpatients and were 
excluded Of the remainmg 139 patents, 44 per cent were referred from GPa, 38 
per cent from A&E and 18 per cent from clinics. Eighteen per cent had positive 
scans and the rest were negative. In patients with DVT, treatment either with 
tinzaparin or compression therapy initiated m the umt and followed up 
according to the protocol 

Condusion: This unique service provides rapid diagnoses and treatment of 
penents with suspected DVT. In the first 3 months, 331 bed days have been saved. 
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Residnal stenosis after carotid endarterectomy: a comparison of three 
techniques ; 
J. Wood, J.R. Barwell, A. Sassano and D.C. Mitchell 


Department of Vascular Surgery, Southmead Hospital, North Bristol NHS 
Trust, Bristol BS10 SNB, UK 

Alms: Direct carotid closure provides inferior outcome compared to patching 
following carotid endarterectomy, this may be related to the degree of post- 
operative mtcmal carotid artery stenosis. We evaluated whether evermon 
ee ee a cee re 
closmre following standard endarterectomy 

Method: We reviewed consecutive caroud endarterectomies in a Scar 
rurgeoo practice between November 1995 and December 2001. Three techni- 
ques were used: longitudmal arferictomy with direct closure (D), or patch 
closure (P) and oblique artery disconnection with evergion endarterectomy (E). 
D was the mam technique for the first 2 years of the study penod, bemg 
superseded by P and thereafter E Internal carotid artery stenoses were 
measured by duplex before and after surgery. 

Results: Faghty-cight operations were performed for which 67 postoperative 
scan results were obtamable. The minimum preoperative and maximum post- 
operative recorded stenoses were used for analyms. There was one tpsilateral 
fatal stroke and one nonfatal contralateral stroke in this tence. 


Operation type 
D E P 
Preoperative N 35 17 35 
Median 75 85 85 
Interquartile range 75-90 : 75-90 75—90 
Postoperative N 27 13 27 
Median 25 20 25 
Interquartlie range 25-50 10-25 0-50 


There was a significant vanation in residual stenosis across the three groupe 
(Kruskal-Walhs test, P<0.05). Pairwise comparison of the three groups 
showed a significant difference between D and E (Wilcoxon rank sam teat, 
P < 0.05 after Bonferron correction) but not between D and P or between E and 
P (P=0 42 and P=0.47, respectively) 

Conduston: Eversion endarterectomy provides the least residual stenosis 
following carotid endarterectomy. Vii eA ene eae 
of choice, 
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SIE aD A a aa 
deep vein thrombosis 3 


C.P. Pratap, R. Pararajasingham, L. Harrison, S Partington and 
A B. Woodyer 7 
Tameside General Hospital, Ashton under Lyne, Lancashire, UK 


Alms: To evaluate direct access duplex ultrasound scanning m the diagnoals of 
deep vein thrombosis. 

Methods: We offer m our umt, a direct access duplex ultrasound scannmg 
service for the diagnosis of DVT. We reviewed the referral pattern to our service 
m the last 1 year and the impect on management of DYT. 

Results: Wo perfooned a total of 965 venous duplex scans for suspected DVT 
in 1-year period and this included 421 inpatients, The mayonty of referrals were 
from accident and emergency (45 per cent), adult medicine (20 per cent) and 
medical assessment unt (10 per cent). Only 25.6 per cent of patents had 
femoral and popliteal vein thrombosis and a further 15.8 per cent had calf ven 
thrombosis In 56 per cent of patents, there was no abnormality detected. It is 
calculated that by preventing unnecessary admission of patients with negative 
scan, there will be a potential reduction m bed occupancy of 927 beds per year 
and therefore significant cost savings per year 

Condustons: Outpatient treatment of DVT 1s now well established. Seventy- 
five per cent of patients with suspected DVT present through A&E, adult 
medicine and mechcal assessment unit. Eighty per cont of these could be treated 
as outpatient and 20 per cent probably require hospatalization for other 
associated problems. Direct access duplex service will enable the physician 
to reach the diagnosis and commence treatment accordingly. It will also prevent 
unnecessary admission of patents with negative scan In this scenario, there 
will be a potential! reduction m bed occupancy per year and this could have 
major impect on efficiency in both medical and surgical directoratos. 
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A randomized, blinded, prospective clinical trial of doxycycline in 
carotid plaque stabilization 

B. Ausa, I. Loftus, A.R. Naylor, PR F. Bell and MLM Thompson 
Lacester Royal Infirmary 

Alms: Elevated levels of matrix metalloproteanases (MMPs) have been impli- 
cated in plaque rapture, particularly MMP-1 and MMP-9. It has bean suggested 
that inmbiton of MMPs may stabilize vulnerable atherosclerotic plaques and 
improve clmucal outcome. The am of the study was to mvestigate the ability of 
doxycycline, a nonspecific MMP inhibitor, to reducé MMP concentrations in 
carotid atheroma. 

Methods and Results: Human macrophages wero cultured with increasing 
concentrations of doxycycline, and MMP levels were quantified. A prospective, 
double-blinded randomized mal was then conducted. One hundred patients 
requiring carotid endarterectomy were randomized to receave 200 mg doxycy- 
cline per day or placebo for 2-8 weeks pnor to surgery. Plaques were retrieved 
and concentrations of MMPs and doxycycline were detecmmed by ELISA and 
HPLC, respectively Stroke rate and carotid artery occlusion were used to assess 
chmcal outcome 

Results: Doxycycline ininbited MMP-9 and MMP-1 expression m macro- 
phages in a dose-dependent manner (IC 25 for MMP-1 = 2 4 ug mL~', IC 25 for 
MMP-9 = 43 pgmL~') A mean doxycycline concentration of 6.25 ug g`? of 
tiese (SD = 0 29 ug mL~') was achieved. There was a significant reduction of 
MMP-1 levels in the actlve group compared with placebo (mean: 
11.52ngmL~', SD: 10.28, 22.26, 4564ngmL7!, respectively; P =0 035). 
RT-PCR showed reduced MMP-1 mRNA expression in active versus placebo 
(mean optical density: 0.23 + 0.06 (SD) versus 0.42 + 0.02 (SD), respectively, 
P=0 02). Enero are a a omens 
the actrve group (P = ns). 

Condusions: Doxycycline penetrated atherosclerotic plaques with acceptable 
tissue levels This resulted in a reduction in MMP-! concentration due to 
decreased ex presaion. 
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The unmet need for carotid endarterectomy: where are we failing? 
EKS, Welsh, C. King, J. Kirkwood, P.W. Leopold and D.J. Gerrard 
Vascular Surgical Unit. Frimley Park Hospital, Frimley, Surrey, UK 


Aims: Not all patients with appropriate symptomatic carotid stenosis are 
referred to vascular surgeons, and in 2001 we performed half the expected 
number of carotid endarierectomies for our population. We audited the primary 
care management and pattern of referral for patients with symptomatic cerebro- 
vascular disease in our region. 

Methods: A questionnaire was sent to 240 local GPs and 20 casualty officers 
regarding their management of patients presenting with amaurosis fugax., a 
transient ischaemic attack (TIA) or collapse. Outcome measures included 
cardiovascular risk factor modification, antiplatelet prescription and referral 
for specialist opinion, 

Results: Seventy-three per cent of GPs and 75 per cent of casualty officers 
responded, Cardtovascular risk factors were addressed by all doctors: 100 per 
cent measured blood pressure, 91 per cent measured fasting lipids, 88 per cent 
measured serum glucose, and 98 per cent advised smokers to stop. Ninety-five 
per cent prescribed an antiplatelet agent. the majority using aspirin. A total of 
160 GPs (91 per cent} and nine casualty officers (60 per cent) requested a 
specialist opinion which are detailed in the Table. 





Number of patients (%) 
with symptoms 


Amaurosis Collapse 
Speciality fugax TIA Pcause 
Vascular surgeon 56 (33%) 26 (159%) 1 (0%) 


56 (33%) 
49 (2955) 
1 (0%) 
& (3%) 


76 (45%) 
63 (37%) 
2 (1%) 
2 (1%) 


Neurologist 30 (18%) 
120 (71%) 
12 (7%) 


6 (4%) 


General physician/geriatrician 
Cardiologist 
Other 








Conclusions: Patients with symptomatic cerebrovascular disease are being 
referred to specialists, but to physicians, not surgeons. Poor communication 
between hospital specialities may underlie the unmet need for carotid endarter- 
ectomy in our region. suggesting that a more integrated multidisciplinary 
approach to cerebrovascular disease is required. 
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A comparison of physiology scores and morphology in a group of 
patients evaluated for endovascular repair of infrarenal aneurysms 


W. Butcher, S. Parvin. D. Sheppard. J. Tawn and S. Darke 
Department of Surgery, Reval Bournemouth Hospital, Bournemouth, UK 


Aims: To maximally reduce the mortality of abdominal aortic aneurysm (AAA) 
repair, endovascular repair (EVR) would have to be technically possible in 
high-risk patients unsuitable for open repair (OR). We set out to test this 
hypothesis. 

Methods: Anatomical suitability and POSSUM scores were compared in 196 
patients presenting for AAA repair. Patients were evaluated by CT scan and 
angiography, The threshold for repair was 55mm. 

Results: Mean age was 74.5 years (54.1-89.2), and 163 (83 per cent) were 
male. A basic bifurcaied graft could have been used to treat 33 (17 per cent) 
patients (group A), 88 patients could have been treated by EVR by a more 
complex graft (group B) and 108 were unsuitable for EVR. In the whole group, 
mean AAA diameter was 60.5 mm. More unsuitable aneurysms were larger 
than this (62/108) in either group A (11/33; P < 0.02) or group B (34/54: 
P < 0.01). The median of the physiology component of POSSUM scores was 19 
(interquartile range: 17-21) in the whole group. 18 (17-19) in group A, 18 (17 
21) in group B and 19 (18-21) in those unsuitable for EVR. Of 133 AAA 
‘55mm, physiology scores were greater than the median in 56/133 of the whole 
group, 4/19 in group A, 16/51 in group B and 40/42 in those unsuitable for 
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stenting (P < 0.05 for group A versus unsuitable and P < 0.05 for group B 
versus unsuitable). 

Conclusions: Larger aneurysms are less likely to be anatomically suitable for 
EVR. fronically, those in whom EVR would appear to be most appropriate, the 
physiologically less fit, are more likely to be anatomically unsuttable for EVR. 


Poster 74 
ischaemic reperfusion injury following percutaneous transluminal 
angioplasty in patients with peripheral arterial occlusive disease 


M. Aslam, H. Elmorsy, 8. Humadi and N.J. Standfield 


Department of Vascular Surgery, Imperial College Schoal of Medicine. 
Hammersmith Hospital, Du Cane Road, London W12 OHS, UK 


Aims: The exact mechanism of limb swelling after successful revascularization 
by percutaneous transluminal angioplasty (PTA) in patients with peripheral 
arterial insufficiency remains uncertain. The aim of this study was to investigate 
the probable cause(s) of limb swelling in these patients. 

Methods: Thirty patients with peripheral arterial occlusive disease (PAOD) 
undergoing PTA were selected, Each patient was subjected to limb-volume 
measurement using perometer, ABPI and serum interleukin-6 (IL-6) measure- 
ments using a sensitive enzyme-linked immunosorbent assay preoperatively 
and postoperatively at 6-8 days, Revascularization was considered successful 
when there was symptomatic improvement with accompanying rise in ABP! 
and increase in claudication distance. 

Results: The mean change of postoperative volumes was 11.3 per cent for 


volume change was 4.2 per ceat. The corresponding increase in the levels of 
serum IL-6 was 4].9pgmL ' for successful and 3.3 pgmL `} for the failed 
angioplasty patients. Our previous study has shown that maximum limb 
swelling occurs at 6-8days postoperatively. The present study confirms 
significant limb swelling (P > 0.001) after successful revascularization with 
PTA. There was also a significant (P < 0.001) increase in the level of serum IL-6 
following successful revascularization, whereas serum IL-6 changes in failed 
angioplasty were unremarkable. 

Conclusions: This study shows that there is limb swelling following success- 
ful revascularization by PTA and serum IL-6 measurements implicate reperfu- 
sion injury as the most probable cause of limb swelling. These findings may 
help to understand the complex mechanism of ischaemic reperfusion injury 
phenomenon in patients with PAOD undergoing revascularization. 
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Abdominal aortic aneurysm repair in the octagenarian. Three-year 
cumulative survival from a single centre 


P. Davey, S.J. Holtham. S. Dugdill, L. Wilson, D. Lambert and M.G. Wyat! 
Northern Vascular Centre, Freeman Hospital, Newcastle upon Tyne, UK 


Aims: Abdominal aortic aneurysm (AAA) repair in the patients over 80 years of 
age can be associated with acceptable in-hospital mortality, but the longer term 
survival of these patients is often unclear. The aim of this study was to determine 
the 3-year cumulative survival for all octagenarian patients undergoing 
AAA repair (elective and emergency) at a single centre during a 46-month 
period. 

Methods: All patients aged 80years or above who underwent AAA repair 
between January 1996 and November 1999 were identified from a prospectively 
maintained vascular database. In-hospital mortality was calculated and a 
telephone survey used to assess longer term outcome. Thirty-six month 
cumulative survival was determined using Kaplan-Meier survival curves. 
Results: During this period, 47 octagenarian patients (median age: $2 years, 
M:F = 36:11) underwent surgical repair of AAA. Twenty-six procedures were 
performed electively and 21 as an emergency (following rupture). The in- 
hospital mortality was 11.5 per cent (3/26) for the elective group and 38.1 per 
cent for the emergency group (8/21). For patients discharged from hospital. the 
36-month cumulative survival was 78 per cent. 

Conclusions: These data show that AAA repair in octagenarian patients is 
associated with an acceptable in-hospital mortality and that the majority of 
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_ Surviving patients will still be alve after 3 years. We would therefore conclude 
that AAA surgery should not be withbeld on the basis of age alone. 
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Multiple cross-sectional echomorphology: a new method for identifying 
high-risk carotid plaques 


M Whyeyaraine, SG Kibna, S Jarvis, L A. Stead, J A. Evans, A I D. Mavor, 
S Homer-Vanmasinkam and MJ Gough 


Vascular Unit, The General Infirmary, Leeds, UK 


Alms: Although single longitudinal view (SLV) ultrasound echomorphology is 
said to identify high-nsk carond plaques for which selective endarterectomy 
might umprove surgical nek benefit, it only examines a limited, operator- 
dependent (potential sampling errors) plaque area, and fails to convincingly 
separate echolucency from per cent carotid stenosis as an independent mak 
factor. Thus, a pew method of multple cross-sectional imaging (MCSI) has 
been developed and its ability to distinguish recently symptomatic from 
asymptomatic plaques assessed, 

Methods: Seventy-four bifurcation carotid stenoses (70-99 per cent, 59 
patients 33 asymptomatic; 41 symptoms within 3 months) were maged 
(Acuson 128-10XP) to obtain the ‘best’ SLY and 6-8 MCSI images along 
thear length. Digitized sonograms were computerized and normalized to the 
grey scale median (GSM) of blood and vessel adventitia. Plaque GSM 
(echogeaicity) was determined for SLV and for each MCSI image (analysis 
MATLAB 5.3) SLV GSM, minmum MCSI GSM (image with lowest GSM) 
and cross-sectional axial heterogeneity (highesttowest MCSI GSM) were 
compared in the groupe. 

Results: The percentage of stenosis was similar in both groups as was SLV 
GSM (median, ıqr) symptomatc 34 (24.8-43); asymptomatic 43 (32 6- 
53.2), P=0.1. The mmimum MCSI GSM was lower in symptomatic plaques 
(7 0 (4.2-9.8) versus 18.3 (12.2-24.5); P=0 002) which also showed greater 
cross- sectional heterogeneity (34.5 (27.2-41 9) versus 16 (11-20 8), P = 0.0001) 
Condusions: MCSI 1s more sensitive than SLY sonography m assessing 
plaque echolucency and also appraises plaque heterogeneity (not posmble with 
SLY), thus distinguishing high-risk symptomatic from low-nsk asymptomatic 
plaques This novel technique should be more effective than SLY measurements 
in improving the risk ' benefit of CEA. 
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A new technique for carotid endarterectomy allowing duplex quality 
control and enhanced plaque research 


SM Whyeyaratne, L Stead, S Homer-Vanniasinkam, AID. Mavor and 
M J. Gough 


Wascular Unit, The General Infirmary, Leeds, UK 


Alms: Although selection cntena for carotid endarterectomy (CEA) were 
established angiograpincally, most centres now rely upon operator-dependent 
duplex ultrasound for advising surgery. In view of this, we have developed a 
modifled CEA technique which provides intact specimens allowing duplex 
quality contro] and, unlike conventional endarterectomy (plaque incised), an 
intact plaque for atherosclerosis research. 

Methods: After exposure and clamping of the carotid vessels, a 5-mm 
common carotid arteriotomy allows identification of the endarterectomy plane 
This 1s developed distally with a dissector pomitioned superficial to the 
unopened plaque and deep to the uncut media-adventtia The dissector is then 
advanced to the distal endarterectomy limit and the entire, intact, plaque 
exposed and removed following longitudinal division of the media-adventitia 
CEA is performed in 2-3 min allowing shunt insertion (if required) after plaque 
removal The specificity of duplex velocity criteria (DVC) for >70 per cent 
stenoses (ICA PSV>180cms™', ICAEDV>75cms™' and ICAPSV/ 
CCA PSV >3) has been assessed agninst computer-digitzed images of Su 
stained (H&E, EYG) sections cut at 2 mm intervals throughout the length of 21 
consecutive CEA specimens which allowed calculation of per cent diameter 
stenosis (ECST method). 
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Results: Histology confirmed preservation of normal plaque architecture m the 
specimens DYC correctly identified a >70 per cont stenosis in 19/21 plaques 
(specificity: 90.4 per cent) compared to specimen measurements and 2/21 
stenoses measured 58 and 64 per cent. The correlation between specimen and 
duplex assessment for cach plaque was r=0.78 and P < 0 0001. 

Condusions: This modified CEA technique provides an idea] method for 


quality control of vascular laboratary carotid imaging and for obtaming 
atheroscleroms research material. 
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Increased inducible nitric oxide synthase and matrix metalloproteinase 
MMP-9 in the symptomatic carotid artery plaque 


G.S Clayton, MR Nohadami, J. Golledge, A.E. Bishop, RM Greenhalgh and 
AH Davies 


Department of Vascular Surgery, Charing Cross Hospital, UK 

Alms: Differences m the natural history of symptomatic and asymptomatic 
carotid stenosis may be reflected in changes in plaque biology 

Methods: Following ethical approval, carotid artery plaques were obtained 
from symptomatic (n = 34) or asymptomatic (a = 10) patents with internal 
carotid artery stenosis of greater than 70 per cent. These were stained for the 
presence of the induamble (INOS) and gelatmase matnx metalloproteinase 
(MMP-9) Areas of staining for the whole plaque were related to the presence 
or absence of symptoms, and the tıme between the acute event and endarter- 
ectomy Analysis was performed by two independent observers, blinded to the 
pauents’ symptoms, using the analySIS computer programme. ~ 

Results: The study compnsed 44 patients of whom 32 were male (mean age 
70.1, range’ 50-83) P-values are for Mann-Whitney nonparametric tests, all 
units are in jm? expressed as a median (interquartile range) 


Asymptomatic Symptomatic 

n=10 n= 34 P-value 
Total iNOS 7.28 (0-9 77) 18 76 (8 35-22.28) 0006 
Total MMP-9 8 13 (5 18-15.3) 19.33 (12.62~24 78) 0.006 
Cap iNOS 0 (07.81) 6.91 (0-10 05) 0 04 
Core iNOS 1.89 (0-7.62) 5 935 (0-9.09) NS 03 
Shoulder iNOS 0 (0-0) 1 87 (0-8.87) 0 007 
Cap MMP-9 Q (0-7 76) 7 76 (0-12 12) 0 03 
Core MMP-9 5 83 (0-7.62) 6.29 (4 11-9 99) NS 03 
Shoulder MMP-9 0 (0-0) 5.53 (0-8 37) 0.01 


Conduslons: Staining for INOS and MMP-9 1s significantly increased in the 


cap and shoulder of carotid plaques from symptomatic patents This may 
represent a model for the mechanism of plaque rupture 
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A randomized study of once weekly supervised exercise motivation 

class versus exercise advice alone for the treatment of intermittent 
clandication (month results) 

D.R. Cheetham, R.M. Greenhalgh and A H. Davies 
Department of Vascular Surgery, Imperial College School of Medicine, 
Charmg Cross Hospital, London, UK 

Alms: Exercise advice is the main treatment for symptom relief in pabents with 
mild to moderate mtermittent clandicanon (IC). Would a weekly execrcise/ 
motivation class offer adjuvant benefit to claucicants? 

Methods: Fifty-mx patients attending a regional vascular centre for whom IC 
was the main factor affecting mobility were randomly allocated to eather 
exercise advice alone (n=28) or exercise advice with a once a week 45- 
mun supervised exercise/motivation class (= 28) Mean age was 68 years 
(+SD of 9 years), 73 per cent berg male. Baseline and 3-month assessment 
included absolute clandication time (ACT) on fixed load treadmill (3.5 km h7'; 
12 per cent), quality-of-life questionnaires and the 6-mm walk test (SMW) 
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Results: Both the exercise class and the advice-only groups had significant 
increases in mean ACT, from 142 to 248 s (P = 0.0002) and from 135 to 157s 
(P = (0.018), respectively. An analysis of variance adjusting for age, sex, and 
baseline ACT showed 75 percentimprovement in the class groupto be significantly 
better than the 16 per cent improvement in the advice-only group (P = 0.05). A 
similar analysis of variants performed for the SMW showed a significant 8 per cent 
improvement from 450 to 487 min in the class group compared with a 4 per cent 
increase from 404 to 419 min in the advice-only group (P = 0.03). 
Conclusions: A weekly supervised exercise and motivation class, for a 3- 
month period, shows a significant improvement in walking ability compared to 
advice alone. 
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Critically ischaemic feet harbour an endothelium mediated but nitric 
oxide independent pathway that shunts blood away from the nutritional 
microcirculation 

B. Lindsey, R. Sneyd,' J.E. Tooke,” D.C. Wilkins and S. Ashley 

Vascular Surgery Unit, Derriford Hospital, Plymouth, ‘Department of 
Anaesthesia, Derriford Hospital, Plymouth and “Department of Diabetes 
and Vascular Medicine, University of Exeter 

Aims: Technically successful arterial bypass grafts for critical lower limb 
ischaemia (CLLD are often complicated by chronic limb oedema. infection and 
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occlusion. We aimed to investigate whether changes in the microcirculation 
may account for these. 

Methods: Comparison of supine foot cutaneous microvascular reactivity was 
made between controls, group 1, palpable foot pulse, and patients with CLL, 
group 2, rest pain and/or tissue loss. Vasodilatation responses to iontophor- 
etically delivered acetylcholine chloride (ACh, endothelium dependent) and 
sodium nitroprusside (SNP, endothelium independent) were measured in 
perfusion units (PU), using laser Doppler fluximetry. Results were compared 
using Student’s test. 

Results: Groups | (= 10) and 2 (n= 20) were similar, with mean age of 
73.6 years (range: 57-87; 5M, 5F) and 75.9 years (range: 57-90, 11 M, 9F), 
respectively. Baseline blood flow was higher in group 2 than in group | (mean: 
11.864 5.95 PU versus 7.6 +2.83 PU; P < 0.05). The group 2 SNP response 
was 24 per cent of the group } response (9.24 + 22.08PU versus 
37.97 + 44.19 PU; P = 0.039), whereas the magnitude of the group 2 ACh 
response was less impaired, reduced to 74 per cent of group | (24.38 + 47.64 PU 
versus 33.68 + 32.64 PU; P =0.151). 

Conclusions: These data suggest that in CLLI, ACh-mediated smooth 
muscle relaxation may be mediated through a nitric oxide (NO)-independent 
pathway. resulting in the inappropriate shunting of blood flow away from the 
nutritional circulation. This shunting process may explain some of the poor 
responses to revascularization and offers the surgeon a target for adjuvant 
pharmacotherapy. 
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